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THE EFFECTS OF AIR TEMPERATURE AND RELA- 
TIVE HUMIDITY ON THE PHYSIOLOGICAL 
WELL BEING OF SWINE! 


Husert Herrman, Jr., AND E. H. Hucues? 
University of California’ 


Introduction 


HIS study is concerned with the effect of changes in environmental 

temperature and humidity on the body temperature, respiration rate, 
pulse rate, and other factors in swine. It was also desired to know at what 
temperature and at what humidity the pig was most efficient in utilizing the 
feed consumed. 

The effect of extreme environmental temperatures on the body tempera- 
ture and réspiratory rate of the pig has been studied by several investigators. 
Likewise, a few workers have studied the effect of high and low tempera- 
tures on rate of gain and utilization of feed. The critical temperature has also 
received some attention. 

Shelton (1883) reported as early as 1883 that it required about 25 percent 
more feed in winter for pigs kept in the open without protection than for 
similar pigs housed in the basement of a warm barn. 

In Ottawa, Canada, it cost 25 percent more to house brood sows during 
the winter months in small single brood cabins than in the regular brood 
sow house (Grisdale, 1904). In a similar test with young pigs, those fed in- 
side gained more rapidly, and the feed required for their gains was lower. 

Body temperature increases due to the direct rays of the sun, to handling 
and exercise, and to increased atmospheric temperature and increased per- 
centage relative humidity have been reported by Palmer (1917). 

Tangl (1912) reported that the critical temperature of fasting pigs weigh- 
ing around 100 pounds was 20-23 degrees C. (68~74 degrees F.). He also 
showed that for hogs weighing over 200 pounds the critical temperature 
was less than 17 degrees C. (63 degrees F.). Capstick and Wood (1922) re- 
ported that the critical temperature of a 300 pound fasting hog was 21 de- 
grees C. (70 degrees F.). Deighton’s (1929) work confirms these earlier find- 


1 This is a cooperative project between the Division ofFarm Buildings and Rural Housing, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, U. S. Dept. of Agric., and the Divisions of Animal Husbandry and 
Agricultural Engineering of the University of California. 

2 The authors would like to take this opportunity to express their appreciation to C. F. Kelly, Agricultural Engi- 
neer, Bureau of Plant Industry, Soils and Agricultural Engineering, U. S. Dept. of Agric., for his assistance in 
carrying on this project and his suggestions in the preparation of this manuscript. 

3 Division of Animal Husbandry, Davis, California. 
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ings, and his results indicate that the critical temperature is in the neighbor- 
hood of 16 degrees C. (61 degrees F.). 

A report by Jackson (1938) indicates that hogs having access to a hog 
wallow when the atmospheric temperature averaged 83 degrees F. ate more 
feed, gained more rapidly, and were more economical users of feed than 
similar pigs without access to wallows. 


Experimental Results and Discussion 


The psychrometric room‘ used in our studies is an insulated air-condi- 
tioned room measuring nine by fourteen feet by seven feet high. Air motion 





Figure 1. Psychrometric Room. 


through the chamber is relatively constant (twenty to thirty feet per minute) 
and the air temperature and relative humidity can be controlled within the 
limits of these experiments. Figure 1 is a photograph of the psychrometric 
room while in operation. 

Purebred Duroc Jersey or Poland China swine, or cheir first generation 
cross, were used in these trials. They were fed the following ration in an 
open trough twice daily in such amounts as they would clean up without 
excessive wastage: 


4 A detailed description of the psychrometric chamber is being prepared for publication. 
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Feed Parts Supplement 

Barley 77 Plus twice weekly a supplement! of vitamins which 
Soybean Meal 12 would supply each pig on the average per day: 
Alfalfa Meal 5 Vitamin A 6500 I.U. 
Tankage 3 Vitamin D 150 LU. 
Salt I Calcium Pantothenate 38 Mg. 
Oyster Shell Flour 1 Riboflavin 8.5 Mg. 
Spent Bone Black I 





Water was supplied ad libitum. In the first trial it was supplied in a stand- 
ard cattle watering cup through an ordinary water meter. Subsequently it 
was found more satisfactory to use a watering device shown in the right 
hand far corner of figure 1. This prevented splashing. It was supplied from a 
tank (visible on rear wall, figure 1) graduated in gallons, by gravity flow. 

The pigs (in groups of two, three or four) were acclimated at 70 degrees F., 
usually for at least one week while they were being gentled and becoming 
accustomed to the surroundings. The air temperature was then changed to 
that desired for the test. The air temperature was held as constant as pos- 
sible throughout the test period. Test periods, usually 7 days in length, were 
occasionally varied. Rectal body temperature readings, pulse (with the use 
of a stethoscope) and respiration rates (breaths per minute) were taken 
twice daily, before feeding in the morning and before feeding in the late 
afternoon. 

We have carried on six different trials. Four of these have been concerned 
with variation in temperature and two with variation in relative humidity. 


The Effect of Air Temperature 


The lower limit of temperature, 40 degrees F., used in these experiments 
was determined by the cooling capacity of our equipment; the upper limit, 
by the ability of the hogs to withstand heat. 

Body temperature, respiration and pulse rates. As the air temperature in- 
creased from 40 degrees F., the body temperature and respiration rate 
(breaths per minute) increased (figure 2). The results of two trials (which 
are representative) are given in figure 2. They illustrate the effect of differ- 
ence in body weight on the reaction of the pigs; pigs weighing under 150 
pounds were more comfortable at a given high temperature than the pigs 
weighing more than 150 pounds. The lighter weight animals could be kept 
at a temperature of approximately 115 degrees F., whereas it was not pos- 
sible to take the heavier hogs much beyond 100 degrees F. 


§ The vitamin A was supplied as shark liver oil and vitamin D as irradiated ergosterol. These were diluted to 50 
cc. with cottonseed oil. The water soluble vitamins were taken up in about 50 cc. of water. These preparations were 
poured over the feed immediately after feeding. 
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Pulse rate decreased with increased room temperature (figure 2). 

Feed consumption, average daily gain, feed utilization, and water consump- 
tion. In figure 3 the effect of increasing air temperature on feed consumption 
is illustrated. Feed consumption decreased as the air temperature increased 
from 40 to 100 degrees F., and it appears this decrease is more rapid at 
higher temperatures. Average daily gain also varied with the changes in air 
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Figure 2. The effect of air temperature on body temperature and 
respiration and pulse rates of swine. 
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Figure 3. The effect of air temperature on rate of gain, feed consumption 


and utilization of feed of swine. 


temperature (figure 3.) Hogs weighing 166 to 260 pounds gained most rap- 
idly in the neighborhood of 60 degrees F., while the lighter weight animals 
weighing '70 to 144 pounds gained most rapidly at approximately 75 degrees 


The amount of feed required to produce 100 pounds of gain was at a 
minimum when the rate of gain was at a maximuta (figure 3). Both below and 
above these temperatures, approximately 60 degrees F. for the heavier 
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weight pigs and about 75 degrees F. for the lighter pigs, utilization of feed 
declined. 

Water consumption was variable. In the three trials conducted with hogs 
weighing over 150 pounds, water consumption declined with increasing air 
temperature in a manner similar to feed consumption. In the trial with light 
weight pigs, water consumption declined as the air temperature increased 
from 40 to go degrees F. However, from go to 115 degrees F. water consump- 
tion increased. 


The Effect of Relative Humidity 


Experiments in which humidity was the variable have been run only at 
go and 96 degrees F. At co degrees F., our data indicate that there is not 
much difference in the response of hogs weighing over 200 pounds to relative 
humidities of 30 and 94 percent, except that the respiratory rate is increased 
at the higher humidity. It should be mentioned that at the higher humidity 
it was not possible to keep the floor dry. At 96 degrees F. and relative hu- 
midity of 30 percent, swine weighing over 200 pounds lost weight but sur- 
vived for prolonged periods. When the relative humidity was increased to 
94 percent, they were immediately increasingly distressed. In one experiment 
at a temperature of 96 degrees F., the relative humidity was gradually in- 
creased during 8 hours from 30 to 94 percent, and the body temperature in- 
creased 2.5 degrees F., the respiratory rate more than doubled. It was not 
deemed advisable to hold the hogs under these conditions, and the relative 
humidity was lowered. In two hours, the relative humidity was decreased 
to 58 percent, and the respiratory rate and body temperature were back to 
that at the start of the experiment. 


Cooling Swine by Evaporation of Water and Air Motion 


Evaporation of water. In our first trial, hogs weighing around 250 pounds 
were kept for a period at go degrees F. on a dry floor with relative humidity 
of 35 percent. Then the temperature was held constant and a trickle of water 
was run across the floor for a 7-day period. During the period with a wet 
floor (about 4.5 gallons of water per hour flowing across the floor), the rate 
of gain was markedly increased, the respiration rate was about 30 percent of 
that during the period on the dry floor, and the body temperature was 1.5 
degrees F. lower. The same comparison was made at 100 degrees F. with 
similar differences. It was possible to raise the air temperature to 115 degrees 
F, with water on the floor before seriously distressing the animals. On a dry 
floor the same animals were distressed seriously at 100 degrees F. 

The cooling effect due to evaporation of water was very rapid. An ex- 
periment was run with three 240 pound hogs at a room temperature of 100 
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degrees F. All were distressed with an average body temperature of 106.8 
degrees F. and an average respiratory rate of 150 breaths per minute. Four 
liters of water at 100 degrees F. were poured on the floor to make a wet area. 
The hogs began to roll in the water immediately. In twenty minutes the 
body temperatures were lowered an average of 1.0 degree F. and the re- 
spiratory rate lowered by 50 percent. In ninety minutes the body tempera- 
ture was lowered by 2.0 degrees F. and the respiratory rate by 80 percent. 

The effect of air motion was of interest at temperatures where the hogs’ 
skin temperature was lower than the air temperature. It has been postulated 
by Brody (1945) that fanning is of no benefit to a non-sweating species under 
these conditions. The relationship between the surface temperature of 
swine and environmental temperature is given by Kelly and associates 
(1948). 

Increased air motion with a wet floor. In one experiment three hogs weigh- 
ing around 250 pounds were on a wet floor at approximately 119 degrees F. 
Air motion in the chamber varied from 20 to 30 feet per minute at hog level. 
A fan was turned on, which increased the air motion to an estimated average 
of 175 feet per minute, but varying from 100 to 250 feet. In 30 minutes, the 
respiration was lowered by about 60 percent, and the body temperature was 
reduced about 2.5 degrees F. on the average. In 80 minutes, the body tem- 
perature was reduced an average of 3.0 degrees F., when the hogs were on 
the wet floor with an accelerated rate of air motion. 

Increased air motion with a dry floor. In contrast, four pigs averaging 
about 100 pounds were on a dry floor at 113 degrees F. The fan was turned 
on, increasing the air velocity as before. The respiratory rate and body tem- 
perature decreased slightly at first as it was not possible to have the floor 
completely dry, and the hogs were slightly damp. As the floor and hogs 
dried, the respiratory rate and body temperature increased again to that at 
the start. After five hours with the accelerated air motion and a dry floor 
there was no apparent benefit to the comfort of the animals. This type of 
experiment has been repeated with four hogs averaging 187 pounds at 99 
degrees F. and four more hogs averaging 236 pounds at 100 degrees F. with 
no apparent effects. 

Swine behavior. As the air temperature rose above 80 degrees F. the ani- 
mals became increasingly lazy and lay flat on the floor as shown in figure 4. 
The light weight pigs weighing around 100 pounds were still fairly active 
at 80 degrees F. 

At the high temperatures, when one hog urinated, some of the other hogs 
usually wallowed in the moisture. This was true to some extent of the 
moisture of the feces. The hogs turned over from time to time to expose 
their moist side. At high temperatures on a wet floor, the hogs reacted quite 
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Figure 4. Three hogs averaging 240 pounds at air temperature 100 degrees F. 


differently. Instead of lying prostrate on their sides, they tossed from side 
to side and were very active. They gave the impression of trying to keep 
their wet surface exposed. 

As the air temperature fell below 60 degrees F., there was an increased 
tendency for the swine to lie side by side, and practice so-called “community 
heating” (see figure 5). 

Autopsy findings. It was desired to have available for autopsy one animal 
that had died at high temperature. Thus in the first experiment on the 5th 
day at 100 degrees F. on a dry floor, one barrow weighing 228 pounds died. 
In the five days at 100 degrees F. this hog had lost 18 pounds. For the period 





Figure 5. Four hogs averaging 260 pounds at air temperature 41 degrees F. 
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previous to death, his respiratory rate had been moderately high and his 
body temperature varied from 106.5 to 109.0 degrees F. Other hogs have 
had body temperatures as high as 108.7 degrees F. and survived. Soon after 
death, the rectal temperature was 110.0 degrees F. There was hyperemia 
throughout all tissues in varying degrees, especially in the rib and lung 
areas. The lungs were congested with blood. 


Discussion 


Similar work has been reported by Regan and associates (1938, 1939), 
with dairy cattle. The increase in body temperature and respiratory rate 
(breaths per minute) and decrease in pulse rate with increasing air tempera- 
ture were very similar in dairy cattle (Regan and Richardson, 1938) to those 
in swine under our conditions reported herein. Our data concerning respira- 
tion and body temperature also confirms the work of Robinson and Lee 
(1941) with swine, but in the latter work they reported an increase in pulse 
rate with increasing environmental temperature. In some of the experiments 
concerned with cooling with water we have noted temporary increases in 
pulse rate when water was first placed on the hog. Then as the body tem- 
perature decreased due to water evaporation the pulse rate decreased. 
Robinson and Lee (1941) reported that at rectal temperatures of 106 degrees 
F. hogs are restless. We have found this only to be true when the hogs were 
on a wet floor. The possibility suggests itself that differences between the 
work of Robinson and Lee and that reported above are caused by differences 
in the dryness of the skin of the animals. This would cause differences in the 
skin temperatures (Kelly and associates, 1948). Also, the swine used by 
Robinson and Lee (Berkshires weighing about 130 pounds) were introduced 
into a room already at test conditions for seven hours whereas those with 
which we worked were in the room for periods averaging about seven days 
and were acclimated previous to the test periods. 

Regan and Mead (193¢) reported that water consumption of dairy cattle 
decreased with increasing air temperature, and for the most part, our data 
with swine confirm these findings. 

Robinson and Lee (1941) reported on the great cooling effect of sousing 
with water. Our data confirm and extend their findings. 

Observations on the effect of high relative humidity at 96 degrees F. in 
taising the body temperature of swine under the conditions of our experi- 
ments are in accordance with those of Robinson and Lee (1941). 

Our data suggest that under the conditions of these experiments swine 
weighing around 100 pounds utilize feed to a greater degree and gain weight 
more rapidly in the neighborhood of 75 degrees F., whereas heavier weight 
hogs weighing approximately 200 pounds do better in the neighborhood of 
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60 degrees F. These findings agree well with the critical temperature data re- 
ported in the literature. The critical temperature for a fasting 100 pound pig 
was reported by Tangl (1912) to be 6874 degrees F., and that of heavier 
hogs was reported to be 70 degrees F. (Capstick and Wood, 1922), 61 de- 
grees F. (Deighton, 1929) and less than 63 degrees F. (Tangl, 1912). 


Summary 


Swine of various weights were kept in a psychrometric room for periods 
averaging seven days with temperatures ranging from 40 to 115 degrees F. 
with comparatively constant relative humidity and air flow. 

As the air temperature increased the body temperature and respiration 
rate (breaths per minute) increased and the pulse rate decreased. As the air 
temperature increased the rate of change in body temperature, respiratory 
rate and pulse rate increased. 

Feed consumption decreased as the air temperature increased. Under the 
conditions of these experiments rate of gain was greatest and the amount of 
feed required to produce 100 pounds gain least at an average temperature of 
approximately 75 degrees F. for hogs weighing 70 to 144 pounds and ap- 
proximately 60 degrees F. for hogs weighing 166 to 260 pounds. As the air 
temperature was increased or decreased beyond these averages, rate of gain 
declined and utilization of food was lowered. 

At 96 degrees F. a rise in relative humidity from 30 to 94 percent pro- 
duced rapid distress in hogs weighing over 200 pounds, and the respiration 
rate and body temperature increased rapidly. 

The profound cooling effect of the evaporation of water was demon- 
strated. The further cooling effect of increased air motion on wet hogs has 
been shown as has the lack of effect of increased air motion on hogs on a dry 
floor when their skin temperatures are less than the temperature of the en- 
vironment. 

The behavior of swine under these conditions is discussed as are the 
autopsy findings of one animal which died at 100 degrees F. 
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A STUDY OF THE VARIATIONS OF MUSCLE, 
FAT AND BONE OF SWINE CARCASSES! 


W. J. AuNAN AND L. M. Winters 
University of Minnesota 


HE evaluation of swine carcasses is becoming an increasingly important 

problem due in part to the fact that the price of lard in recent years 
has not been commensurate with prices for live hogs. The purpose of this 
study was to investigate the variations which exist in muscle, fat and bone 
content of swine carcasses and to determine if certain carcass measurements 
are of value in estimating the relative amounts of muscle, fat and bone in the 
carcass. 

Hankins and Ellis (1934) found that average backfat thickness measure- 
ments (made at five specific points) when correlated with fat content gave a 
correlation coefhcient of 0.84. Hiner and Hankins (1939) studied variation in 
ham conformation and noted that variation was due to a combination of 
factors with fat content of ham being the dominant one. 

Davidson, Hammond, Swain, and Wright (1936) devised a system for 
judging pork and bacon carcasses. Thickness of eye muscle of loin at the last 
rib was used as an indication of the relative amount of lean meat throughout 
the carcass. The above workers maintain that this is a good index of carcass 
development because this part of the carcass develops lastly during the 
growth of the animal. 

Warner, Ellis and Howe (1934) studied relationships between the per- 
centage yields of fat in the edible portion of the carcass, and the percentage 
yields of the fat and the lean meat cuts. Their results revealed that the con 
bined cutting weight of the fat, backfat and the beily expressed as percent- 
age of the entire cold carcass gave a relatively good indication of the fat in 
the edible portion of the carcass. Barrows, it was noted, were consistently 
fatter than gilts. 

Hankins and Ellis (1946) showed that the percentage of separable lean in 
carcasses from hogs ranged from 41 to 36 percent for hogs from 150 to 250 
pounds, respectively. 


Materials and Methods 


The data used in this study were collected from thirty hog carcasses. 
The hogs were all bred and reared at University Farm, St. Paul. The hogs 
represented were of the intermediate type and varied in live weight from 182 

1 Paper No. 2426. Scientific Journal Series of the Minnesota Agricultural Experiment Station. This study was con- 


ducted under a project that is in cooperation with the Regional Swine Breeding Laboratory, Headquarters, Ames, 
Iowa, Bureau of Animal Industry, U. S. Dept. of Agric. 
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to 251 pounds. By sex twenty-one were barrows and nine were gilts with the 
following breeds and strains represented: Duroc, Chester White, Poland 
China, C-Line Poland China, and Minnesota No. 1-Poland China crosses. 
All the work was carried out in the Meats Laboratory at University 
Farm. The hogs were slaughtered one and two at a time, “Shipper” style, 
split down the middle. After remaining in the cooler (34° F.) for 48 hours, 
the following carcass measurements were taken: 
1. Length of carcass, from the lowest point of the aitch bone to the anterior edge of the 
first rib. 
2. Length of ham, from the lowest point of the aitch bone to the bony protuberance at the 
center on the inner side of the hock. 
3. Circumference of ham, at a point midway in length of ham and horizontal to the floor 
(carcass on the rail). 
4. Thickness of backfat, at the thickest and thinnest points, and at point level with the 
seventh rib. 


The carcasses were then cut into the various wholesale cuts according 
to the standard pork cuts marketed in the United States. The cuts were 
trimmed and weighed and the following measurements were taken: 

1. Thickness and width of loin muscle at the last rib. The product of these two measure- 

ments refers to area of lean of loin. 

2. Area of lean of ham is the product of length and width measurements. The hams were 

cut through the center cut section one inch from and parallel to the aitch bone. 


The cuts were then separated as carefully as it was mechanically possible 
in muscle, fat and bone. Connective tissue was weighed with the muscle 
portion; skin was weighed with the fat; and no separations were made on 
the spare ribs, neck bones, feet, heads, and tails. 

Table 1 includes all the simple correlations between the various measure- 
ments and factors taken in account in the study. Table 2 includes the partial 
correlations. For testing the significance of correlation coefficients, both 
simple and partial, table VA in Fisher (1946) was used. 

Average backfat thickness from measurements made at the thickest 
point, thinnest point, and a point level with the seventh rib, and the fat 
content of the carcass yielded a correlation of +.792. Average backfat 
thickness and the lean content of the carcass gave a negative relationship of 
— .625. Average backfat thickness was also correlated with the fat content 
of ham, +.656, with fat content of picnic, +.527, and with the percent of 
five primal cuts, —.584. All of these correlation coefficients were significant 
at the 1 percent level. 

Simple regressions (figure 1) of fat content of the carcass and lean content 
of the carcass on average backfat thickness are both highly significant. This 
is evidence that average backfat thickness measurements can be used as an 
index of both fat and lean content of the carcass. 
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TABLE 2. PARTIAL CORRELATIONS. CARCASS WEIGHT—B; LENGTH OF 
CARCASS—D; AVERAGE BACKFAT THICKNESS—E; AREA OF LEAN OF 
CARCASS WEIGHT 

—H; — + AVERAGE BACKFAT THICKNESS—L; 
oo LENGTH OF CARCASS _— 
UNIFORMITY OF BACKFAT THICKNESS—M; 5 PRIMAL CUTS IN PERCEN- 

TAGE OF CARCASS WEIGHT—N; LEAN CONTENT IN 
PERCENTAGE OF CARCASS WEIGHT—P 














Carcass Partial 
characteristics correlations 
DP.B +.330 
EP.B — .625** 
EN.B — .389* 
HP.B +.583** 
LP.B +.573** 
MP.B —.11l 
NP.B +.504** 





367* significant at 5% level 
470°* significant at 1% level 
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Figure 1. Simple regressions of fat and ‘“‘lean’’ content of carcass on 
average backfat thickness. 
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Dressing percentage was highly and positively correlated with average 
backfat thickness, +.659. The yield of a carcass, however, in terms of the 
five primal cuts was not associated with dressing precentage. 

Ham index (circumference of ham at midpoint between aitch bone and 
hock times 100 divided by the length of the ham) used by Hankins and Ellis 
(1934) did not show a significant relationship when correlated with the lean 
content of the ham. However, length of ham was found to be correlated with 
area of lean of loin, +.610. But the correlation coefficient between area of 
lean of ham and lean content of carcass was not significant. 

The correlation between area of lean of ham and area of lean of loin shows 
significance at the 1 percent level. Both of these measurements were corre- 
lated with the lean content of the carcass and gave a correlation coefficient 
of +.350, which was not significant. The correlation between area of lean 
of loin and lean content of carcass, with the effect of carcass weight re- 
moved, yielded a correlation, however, which was highly significant. This 
is a likely measure of the relative amounts of lean in a carcass. Correlation 
coefficients between area of lean of loin and lean content of loin, lean content 
of ham, lean content of belly and fat content of belly were not significant. 


Results 


Uniformity of backfat thickness has for a long time been emphasized as a 
desirable characteristic of hog carcasses. No significant correlations between 
this factor, and the five primal cuts (carcass yield) and the lean content of 
the carcass were found to exist. There was no higher degree of association 
when the effect of carcass weight was removed in the latter of the above two 
correlations. 

The correlations between the five primal cuts in percentage of carcass: 
weight and lean content of carcass were both positive and highly significant. 
When it is taken in account that the price of lard is not in line with the price 
for live animals on a pound basis, the correlation is evidence at least for sug: 
gesting a change in present methods of carcass appraisal. 

All correlations between lean content of loin and lean content of carcass, 
ham, belly, and picnic were found to be highly significant. Likewise, the 
correlations between lean content of ham and lean content of belly and pic- 
nic were highly significant. Figure 2 shows straight line regressions of lean 
content of cuts on lean content of loin and indicates the similarity in lean 
content between cuts. 

Correlations between fat content of loin and fat content of several of the 
primal cuts, were found to be strongly associated. However, figure 3, which 
shows straight line regressions of the fat content of carcass, belly, picnic, and 
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ham on fat content of loin, did not show the same degree of uniformity in 
fat content between cuts as was noted in lean content between cuts. 

The bone content of the ham was found to be highly correlated to the 
total bone content of the primal cuts. A correlation of +.731 was found to 
exist between bone content of carcass and lean content of carcass. 

Length of carcass has been studied in relation to the carcass measurements 
and percentages of wholesale cuts. In this study, length of carcass was found 





a 
98 
T 
! 

d 
ie) 


HY 
w 
w 
YH 


PER CENT SEPARABLE LEAN OF CARCASS AND BELLY 


50 


w 
8 





PER CENT SEPARABLE LEAN OF HAM AND PICNIC 











° ze LEGEND 
#s- mwas Ache 42s 
ee CARCASS 
- —0—0—e-& HAM 
coo OFLLY 
go i | 20 
9S 50 60 


SF 
PER CENT SEPARABLE LEAN OF LO0/N 


Fgure 2. Simple regressions of percent separable lean of ham, picnic, 
carcass, and belly on percent separable lean of loin. 


to be significant at the 5 percent level in a correlation with area of lean of loin 
but was insignificantly correlated with lean content of the carcass. There 
was no increased degree of association in this correlation when the effect of 
carcass weight was removed. Length of carcass was not significantly asso- 
ciated with ham, loin and belly when expressed as percentage of carcass 
weight. 

Carcass weight divided by carcass length (weight per inch of length) 
divided by average backfat thickness gave a factor which when correlated 
with the fat and lean content of the carcass and the lean content of some of 
the five primal cuts gave some interesting results. This factor showed a highly 
significant and positive correlation with the lean content of the carcass. 
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With the fat content of the carcass, it, as would be expected, gave a nega- 
tive and highly significant correlation coeficient. When weight was held 
constant this factor and the lean content of carcass showed a higher positive 
correlation. This factor and yield of five primal cuts were positively and 
highly correlated. 

Carcass score, based on the value per pound of the hog carcass as indi- 
cated in “Hog Cut-Out Results” in the National Provisioner (Vol. 37, p. 
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Figure 3. Simple regressions of percent fat content of carcass, belly, picnic 
and ham on percent fat content of loin. 


31) when correlated with the above factor did not show significance at the 
5 percent level. 

Carcass weight divided by carcass length divided by average backfat 
thickness can be easily obtained from simple measurements of a hog carcass. 
The correlations in table 1 indicate that the factor can be used for evaluation 
of swine carcasses. 


Summary and Conclusions 


Data from thirty hog carcasses were used to study the variations which 
are found in lean, fat, and bone content and the relationships between these 
factors and the carcass measurements. 
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The results in this investigation revealed that a few simple carcass meas- 
urements offer possibilities for use in carcass appraisal. 

Average backfat thickness was found to be associated with the fat and 
the lean content of the carcass, percentage primal cuts of the carcass and to 
dressing percentage. The correlation of this factor and dressing percentage 
is evidence in favor of suggestions for a change in present methods of carcass 
appraisal. 

Ham index did not show a significant relationship with the lean or the fat 
content of the ham. 

Area of lean of loin with the effect of carcass weight removed is an indi- 
cation of the relative amounts of lean in a carcass. 

Uniformity of backfat thickness did not have any significant relationship 
with the lean content of carcass or the yield of the primal cuts. 

High yield of the five primal cuts was found to be associated with high 
lean content of the carcass. 

Definite relationships of lean and fat content between cuts is almost 
parallel and more so between certain of the cuts and the fat and the lean 
content of the carcass. 

Weight per inch divided by average thickness of backfat is a factor which 
is easily obtained by simple carcass measurements. This factor lends itself 
as a possible index for carcass evaluation. The association between this 
factor and the lean content of the carcass (effect of carcass weight removed) 
indicates a positive and highly significant relationship. Carcass score or value 
per pound was not associated with the weight per inch divided by the aver- 
age thickness of backfat. 

The analysis of the data suggests that there are carcass measurements 
which show a strong relationship to the lean, fat and bone content of the 
carcass and that certain of these measurements may be used as an index for 
carcass evaluation. 
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THE VALUE OF THIOURACIL IN RATIONS FOR 
GROWING AND FATTENING PIGS 


Joun P. Wittman, S. A. Aspett Anp J. K. Loosti! 
Cornell University? 


STWOOD (1943) showed that the formation of thyroxine by the 

thyroid gland can be inhibited by the administration of thiourea 
and related compounds. The increase of daily gain in weight of the thyroid- 
ectomized steers as reported by Andrews and Bullard (1940) of the Purdue 
Station indicate that these compounds might be useful for fattening pigs. 
Preliminary tests at the Cornell Station showed that thiourea, fed at the 
rate of 0.379 grams daily, was unpalatable for fattening lambs, so thiouracil,* 
a similar product, reported to be less soluble in water than thiourea, was 
used in the tests with pigs. Turner et al. (1944) at Missouri also have re- 
ported that pigs dislike thiourea. 


Data and Discussion 
First Experiment 


Three lots of nine pigs each, with an average initial weight of 124 pounds, 
were self-fed in dry lot from November 1945 until an average final weight 
of 200 pounds was reached. The pigs in lot I were self-fed a basal ration 
consisting of 58 pounds of ground yellow corn, 25 pounds of wheat flour 
middlings, 6 pounds of meat scraps ($5 percent protein), 10 pounds of 
ground alfalfa hay, and 0.5 pounds each of iodized salt and ground limestone. 
The pigs in lot II were self-fed the same basal ration plus 0.1 percent thiou- 
racil, and in lot III the basal ration plus 0.2 percent thiouracil (table 1). 

The pigs in lot I, fed the basal ration made a more rapid rate of gain and 
required less feed per 100 pounds of gain than the pigs in lot II, fed the basal 
ration to which 0.1 percent thiouracil was added. The pigs in lot III, fed 
the basal ration of 0.2 percent of thiouracil, ate so little feed and made such 
small gains that the feeding of thiouracil was discontinued and the basal 
ration was fed after the 42nd day. The rate of gain and the feed consumption 
increased after this change was made but the gain was even less economical 
than before. 

Acevedo et al. (1948) have reported that the addition of 0.25 percent 
thiouracil to a ration that was fed ad libitum resultéd in a lower feed intake 

1E. W. Klosterman, E. E. Goodwin, and Paul R. Noland, graduate assistants in Animal Husbandry, assisted in the 
cdllection of data obtained in these experiments. Charles R. Henderson, Associate Professor in Animal Husbandry, 
advised concerning the statistical analyses. 


? Animal Husbandry Department. 
3 The supplies of thiouracil were furnished by Lederle Laboratories, Pearl River, New York. 
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and feed efficiency. Vander Noot et al. (1948) also obtained lower rates of 
gain from self-feeding for 97 days, a ration containing 0.25 percent thiouracil. 
The controls gained at the rate of 1.67 pounds daily but the treated lot at 
the rate of only 0.57 pound daily, and the feeding of thiouracil resulted in 
slightly greater efficiency of gain. 

At the Cornell Station the pigs in lot II, fed thiouracil throughout the 
trial (table 1), appeared to have shorter, thicker bodies, shorter legs, and 
plumper and wider hams than the pigs in lot I. In addition they had the 
appearanceof being fatterat theend of the trial than the pigs in lots I and III. 


TABLE 1. PIGS SELF-FED DURING FALL AND WINTER, 1945-46 











Av. 





No. Av. Av. Av. daily gad 
Lot Treatment of initial final daily _— feed “* 
pigs weight weight gain consump- ee 
3 gain 
tion 
lbs. lbs. lbs. lbs. lbs. 
I Basal ration 9 124.3 202.9 1.40 6.36 453.1 





II Basal ration with 0.10 per- 
cent of thiouracil added 9 121.6 194.3 0.75* 3.93 519.6 





III _ Basal ration with 0.20 per- 
cent of thiouracil added for 
first 42 days 9 124.1 159.7 0.85* 3.88 458.3 








III Basal ration from 43rd day 
to the end of trial 9 159.7 201.0 1.01 6.01 596.9 








* During the first 42 days the pigs in lot II gained at the rate of 1.02 pounds and those in lot I, 1.42 pounds. 


The back fat from the pigs in lot II contained an average of 8.2 percent 
moisture, but similar samples from the carcasses of the pigs in lots I and III, 
respectively, had average moisture contents of 6.5 and 6.7 percent, which 
were significantly less than for lot II (t test, Snedecor 1946). The fat was 
softer as shown by handling the carcass and the iodine numbers of the fat 
from the pigs in lots I, II and III were 63.61, 71.08, and 67.43, respectively. 
The difference between lots I and II was highly significant, while the differ 
ences between lots I and III and II and III were significant. 

The pigs in lot II had somewhat less back fat and more lean than was 
found in go pigs used in carcass studies made by Willman and Krider (1943). 
Part of this difference may have been due to lower rates of gain and about 
6 weeks greater age of the pigs in lot II. McMillen et al. (1946) reported a 
tendency toward more lean in the ham facing, but there were no significant 
differences in the carcasses attributable to the thiouracil treatment. 







































THIOURACIL FOR GROWING AND FATTENING Pics 193 


The results obtained with hand-fed pigs by Muhrer and Hogan (1945) 
were much more favorable than were obtained in the Cornell trials with 
self-fed pigs. The control and treated animals used by the Missouri workers 
were given the same amount of feed daily. The pigs fed the ration containing 
0.2 percent thiouracil gained more rapidly and required less feed per 100 
pounds of gain than the pigs in the control groups. The results reported 
were from a 28-day feeding period. 


Second Experiment 


The second trial involved 6 pairs of pigs in a paired-feeding experiment. 
These consisted of 5 litter mates and 1 closely related Yorkshire pig, 2 litter 
mates and 4 closely related Berkshire pigs. The pigs ranged in initial weight 
from 136 to 184 pounds in the control group and from 119 to 181 pounds in 
the treated group. The initial average weight of the 6 pigs in the control 
group was 156.7 pounds and in the treated group was 150.9 pounds. The 
final weights were 229.7 and 220.2 pounds, respectively. 

All pigs were kept in the central hog house. Pair-mates were hand-fed 
the same amount of feed twice daily, as a slop that was mixed immediately 
before feeding. The basal ration consisted of 80.5 pounds of ground oats and 
barley, 14 pounds of meat scraps (55 percent protein), 5 pounds of ground 
alfalfa hay, and 0.5 pound of iodized salt. 

During the first 28 days of this test (table 2), the average daily gain of all 
pigs in the control lots was 1.29 pounds and they required an average of 
466.7 pounds of feed per 100 pounds of gain, while those fed 0.2 percent of 
thiouracil gained at the rate of 1.75 pounds daily and required 342 pounds of 
feed per 100 pounds of gain. During the next 7 days the daily gain and the 
feed consumption of the lot fed thiouracil dropped considerably. From the 
28th to the 49th day of feeding, their feed consumption and gains were low. 

For the first 49 days of the trial (October 9 to November 27), the pigs in 
the control lots gained at the average rate of 0.86 pound daily and required 
658.1 pounds of feed per 100 pounds of gain, while those fed thiouracil 
gained at the rate of 1.23 pounds daily and required 462.1 pounds of feed 
for 100 pounds of gain. From November 27 until December 6 (9 days), the 
amount of thiouracil was decreased from 0.2 to 0.1 percent. The appetites 
and the average rate of gain did not improve so thiouracil feeding was dis- 
continued entirely on December 6. From December 6 to the end of the trial, 
all pigs were full-fed and the control group gained at the rate of 1.40 pounds 
daily, while the pigs in the group that previously had received thiouracil 
gained at the average rate of 0.30 pound daily. The average amount of feed 
consumed daily from December 6 to January 6 (31 days) was 8.25 pounds 
and 6.99 pounds, and the feed per 100 pounds of gain, 585.8 pounds and 
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TABLE 2. PIGS INDIVIDUALLY FED AND HAND-FED* SAME 
AMOUNT AS PAIR-MATE, 1946-47 














Av. Av. Feed 
Treatments No. of daily feed ~ 
pigs gain, | consumed 100 lbs. 
Ibs. daily, lbs. _ gain, Ibs 
(Oct. 9—-Nov. 6—28 days) 
Control—Basal ration 6 1.29 6.00 466.7 





Treated—Basal ration plus 0.2 per cent 
thiouracil 6 1.75 6.00 342.0 





(Oct. 9-Nov. 27—49 Days) 





Control—Basal ration 6 0.86 5.68 658.1 





Treated—Basal ration plus 0.2 percent 
thiouracil 6 1.23 5.68 462.1 





(Nov. 27-Dec. 6—g days) 





Control—Basal ration 6 0.019 4.03 — 





Treated—Basal ration plus o.1 percent 
thiouracil 6 0.28 4.03 — 





(Nov. 6-Dec. 6—30 days) 





Control—Basal ration 6 0.22 4.89 2259.0 





Treated—Basal ration plus 0.2 percent 
thiouracil to Nov. 27 and 0.1 percent 
thiouracil to Nov. 27 to Dec. 6 66 0.46 0.89 1074.3 





(Dec. 6-Jan. 6—31 days) 





Control (full-fed) 410°" 1.40 8.25 585.8 





Treated—No thiouracil was fed during this 
period (full-fed) 4.39°" 0.30 6.99 2329.5 





* From Oct. 9 to Dec. 6, the pigs in the control lot were fed the same amount of feed as was offered the treated 
lot. 
** Two pigs from each lot slaughtered on Dec. 16 and 30, 1946 and on Jan. 6, 1947. 


2329.5 pounds, respectively, for the pigs in the control and treated lots. It 
appears that the feeding of thiouracil from October 9 to December 6 still 
influenced the feed-lot performance of the pigs fed from 10 to 31 days after 
thiouracil feeding was discontinued. 

The left ham from each pig was weighed and dissected. Weights were 
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taken of the skin, subcutaneous fat, intermuscular fat, lean and bone. The 
mean skin weight expressed as a percentage of total weight of the parts 
dissected was 4.8 for the control pigs and 5.3 for the pigs fed thiouracil. In 2 
of the 6 pairs the percentage of skin for the control pigs exceeded by a small 
margin the percentage for the pigs fed thiouracil. 

The subcutaneous fat in the pigs fed thiouracil was 19.7 percent and that 
of the control 19.0. It was higher in the control group in only one instance. 
Intermuscular fat averaged 4.6 percent in the group fed thiouracil, and 4.9 
percent in the controls, a reversal of the trend for subcutaneous fat. Total 
fat was 24.3 percent for thiouracil pigs and 23.8 for controls, and was higher 
in the control in only one instance. The lean was 62.0 per cent for the pigs 
fed thiouracil and 62.8 per cent for the controls. Bone was 8.5 percent for 
the thiouracil-group and 8.6 percent for the controls. 

The single thiouracil pig whose ham had a lower fat content than its 
control was a highly nervous individual. If he and his control are omitted 
from the calculations, the additional amount of fat in the thiouracil hams 
becomes more striking—total fat, 20.95 and 19.6 percent. The thiouracil 
hams were smaller than the controls but they showed a slightly greater 
development of skin and fat at the expense of lean. Thyroid weights were 
available for four pairs of pigs in the second experiment. The thyroids from 
pigs fed thiouracil averaged 26.6 grams and the controls 9.75 grams. The 
vesicles were usually larger and more irregular in the thiouracil-fed pigs, 
but one control thyroid was indistinguishable from the thiouracil glands on 
this basis. This pig was the control which had a greater fat content in the 
ham than the thiouracil mate. The amount of interstitial tissue was too 
variable for conclusions to be drawn, but in the thiouracil animals samll 
knots of interstitial tissue caused minute bulges, about 6 cells in diameter, 
of the secretory cells into the vesicles. These bulges were absent in the con- 
trol thyroid with irregular vesicles. It may prove to be a sign of diagnostic 
value. 

The pigs were slaughtered in groups of 4 head (2 on each treatment) on 
December 16, and 30, 1946 and on January 6, 194’7. 

The treated pigs, with one exception, were more sluggish than the check 
lot. This exception, a Yorkshire, continued to be nervous until the end of the 
trial. The tendency for the treated pigs to be less active may be one of the 
reasons why they made greater and more economical gains especially during 
the first few weeks of the feeding period. 

During the entire trial the pigs in the control lot made an average gain of 
73.0 pounds and those in the lot fed thiouracil an average of 69.3 pounds. 
The pigs fed thiouracil appeared to be fatter, were a little shorter in the 
body, and had plumper and fuller hams than the control pigs. The pigs fed 
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thiouracil produced back fat which had an average of 7.38 percent moisture 
and volatile oils as compared to 6.17 percent for the control lot. The odds 
were 73:1 (t test, Snedecor, 1946) that this difference was not due to chance. 


Third Experiment 


Three lots of 6 pigs, each with 5 Chester White and one Yorkshire, were 
hand-fed in dry lot during the fall and early winter of 1947-48 to further 
study the value of thiouracil in rations for fattening swine. The average 


TABLE 3. PIGS HAND-FED IN DRY LOT, 1947-48 
































No. Av. Pe 4 Feed per 
Treatments a af consumed eg 
. oe ee 
(Oct. 31-Nov. 28—28 days) 
I. Control—Basal ration 6 1.90 7.52 394.8 
II. Treated—Basal ration plus 0.1 percent of 
thiouracil 6 1.83 6.43 352.1 
III. Control—Same amount of basal ration as 
given lot II 6 1.49 6.43 432.4 
(Oct. 31-Dec. 12—42 days)* 
I. Control—Basal ration 6 1.79 7.65 428.3 
II. Treated—Basal ration plus 0.1 percent of 
thiouracil 6 1.54 6.00 389.7 
III. Control—Same amount of basal ration as 
given lot II 6 Oe 6.00 480.0 





* Two pigs from each lot were slaughtered on Dec. 8, two from lot I and one from lots II and III on Dec. 15; two 
from lot I and one from lots iI and III on Dec. 29, and from lots II and III on Jan. 12, 1948. The pigs remaining after 
Dec. 12 continued to give the same feed lot performance as they did during the first 42 days. 


initial weights for lots I, 11 and III were 151.8, 149.2 and 152.3 pounds, and 
the average final weights were 236.1, 231.0 and 231.0 pounds, respectively. 
All lots were hand-fed a basal ration consisting of 54 pounds ground corn, 
30 pounds wheat middlings, 5.5 pounds of meat scraps (55 percent protein), 
10 pounds of ground alfalfa and 0.5 pound iodized salt. The rations were 
mixed with water to form a slop immediately before feeding. The pigs in 
lots I and II were full-fed but the pigs in lot III were limited to the same 
amount of feed daily as was eaten by lot II, the lot given thiouracil (table 3). 
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It is shown in table 3, that during the first 28 days the pigs in lot II, 
fed thiouracil, gained at the rate of 1.83 pounds daily and required 352.1 
pounds of feed for 100 pounds of gain, as compared to 1.90 and 394.8 pounds 
for lot I, and 1.49 and 432.4 pounds fc r lot III. During the first 42 days of the 
trial, the pigs fed thiouracil gained at the rate of 1.54 pounds daily and re- 
quired 389.7 pounds of feed for 100 pounds of gain. Also during this 42-day 
period the pigs in lot I, full-fed the basal ration, gained at the rate of 1.79 
pounds daily and required 428.3 pounds of feed per 100 pounds of gain but 
the pigs in lot III, fed the same amount of the basal ration as lot II, gained 
at the rate of 1.25 pounds daily but required 480.0 pounds of feed for 100 
pounds of gain. The differences in rate of gain between lots I and II during 
the first 28 days were not great enough to be significant. The differences in 
rates of gain between lots I and II for the 42-day period and between lots 
II and III for the 28- or 42-day periods, were statistically significant, while 
the differences in rates of gain between lots I and III were highly significant. 

There was little difference in the finish of the pigs in the full-fed lots but 
the pigs in lot III, limited-fed the basal ration, were not as fat at the close of 
the trial. The pigs fed thiouracil were less active than the pigs in the other 
lots but had better appetites throughout the test than pigs fed greater 
amounts (0.2 percent) of thiouracil in the previous experiment. The pigs 
fed the drug, however, appeared to have shorter bodies and shorter legs 
than the pigs fed no thiouracil. 

Studies made from a section including the last two ribs of the left side of 
each carcass failed to show significant differences in the amount of muscle, 
fat, bone, and skin of the pigs in this experiment. 


Summary and Conclusions 


The inclusion of thiouracil at the rate of 0.1 percent of the ration self-fed 
to growing and fattening pigs greatly reduced the rate of gain and increased 
the amount of feed required per, unit of gain. Even less favorable results were 
obtained when pigs were self-fed a ration containing 0.2 percent of thiouracil. 
Self-fed rations which contained 0.1 or 0.2 percent of thiouracil were not as 
palatable as similar rations hand-fed.as a slop. 

In the second trial, during a 28-day feeding period, the pigs hand-fed as 
a slop a ration containing 0.2 percent thiouracil, made greater rates of gain 
and required much less feed per 100 pounds of gain than their pair-mates 
limited to the same amount of the basal ration (table 2). From the 28th 
through the 58th day the rates of gain were extremely low, the daily feed 
consumption became progressively less, and the feed needed per 100 pounds 
of gain was very high. For the next 31 days, when both lots were full-hand- 
fed, the pigs in the control lot, almost doubled their feed intake and made 
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good gains. Thiouracil feeding was discontinued and even though these 
pigs ate more feed than when the drug was fed they made a very low average 
rate of gain and required exceedingly large amounts of feed per unit of gain. 

The results of the third experiment, conducted during 1947-48, show that 
the handfull-feeding of rations containing 0.1 percent of thiouracil for a 
28-day period, had little or no effect upon the rate of gain’ but produced 
slightly cheaper gains. As the feeding period progressed beyond 28 days, 
the feeding of thiouracil depressed the rate of gain. When the intake of the 
basal ration was limited to that of the thiouracil-fed lot, the control pigs 
gained at a lower rate and required more feed per unit of gain than the pigs 
that were full-fed. In this instance the increased efficiency of gains may be 
due to the inactivity and a lower maintenance requirement of the pigs fed 
thiouracil. ~ 

The results obtained in these studies do not warrant a recommendation 
that thiouracil be used generally in commercial pork production but it may 
be useful during short feeding periods. In the hams of thiouracil-fed pigs 
the fat and skin are more highly developed than they are in controls. 
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THE EFFECT OF THE PLANE OF NUTRITION ON THE 
COMPOSITION OF SOW’S COLOSTRUM AND MILK! 


J. P. Bowranp, R. H. Grummer, P. H. Puitiirs anp G. Boustept 
University of Wisconsin? 


Introduction 


EPORTS published on the composition of sow’s milk indicate that 

a large amount of variation exists among individuals, as well as be- 

tween different experiments. Many of the earlier studies were not con- 

trolled, therefore it is difficult to explain the wide range in values tor 
total solids, solids-not-fat, protein, lactose, fat, and ash. 

Hughes and Hart (1935) reviewed the previous literature and calculated 
a combined mean value of 18.2 percent total solids for sow’s milk. Their 
findings were based on two sows for which they obtained values for 
colostrum at parturition of 31.9 percent total solids, 16.64 percent protein, 
and 0.61 percent ash; and for normal milk 17.76 percent total solids, 6.34 
percent protein, and 0.96 percent ash. 

Among the earlier studies on the composition of sow’s milk were those of 
Henry and Woll (1897), Woll (1899), Carlyle (1903), and Davies (1904) 
working at the Wisconsin Agricultural Experiment Station. A weighted 
average of their work gave values of 19.11 percent total solids, 5.86 percent 
protein, 5.42 percent milk sugar, and 0.98 percent ash in the milk. 

The following range in figures has been observed by Gohren (1865), 
Konig (1903), Osterstag and Zuntz (1908), Folin et al. (1919), Davies (1939), 
Wells et al. (1944), and Morrison (1948): total solids 13.9 to 19.0 percent, 
protein 4.81 to 7.93 percent, milk sugar (by difference) 1.68 to 5.58 percent, 
and ash 0.63 to 1.53 percent. Gohren (1865) and Osterstag and Zuntz (1908) 
also reported on the composition of sow’s colostrum finding respectively 
29.87 and 24.66 percent total solids, 15.56 and 15.86 percent protein, 3.84 
and 1.77 percent lactose, and 0.85 and 0.71 percent ash. 

The only recent investigation in this field has been reported by Braude 
et al. (1946, 1947). In the earlier paper they reported an average value of 
23.9 percent total solids with a range of 20.6 to 27.2 percent for sow’s 
colostrum. The second paper gave mean values for 12 samples of colostrum 
of 25.16 +0.96 percent total solids, and 21.11 +0.87 percent solids-not-fat. 
For milk they obtained values of 19.87 +0.14 percent total solids, and 11.67 
+0.08 percent solidsnot-fat. The samples from six sows showed the 


1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, Madison, Wis- 
consin. 
? From the Animal Husbandry and Biochemistry Departments, Madison, Wisconsin. 
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following mean analyses: 17.77 percent protein, 3.46 percent lactose, and 
0.63 percent ash for colostrum, and 5.79 percent protein, 4.81 percent lac- 
tose, and 0.94 percent ash for milk. The fat content of sow’s milk was previ- 
ously reported by Bowland et al. (19494) so will not be included in this 


paper. 
Experimental 


The data presented are from studies conducted with two lots of sows, 
one carried through gestation on pasture and the second carried through 
gestation in dry lot. The sows on pasture were Poland Chinas and Chester 
Whites, while those in dry lot were all Poland Chinas. The farrowing dates 
for the sows in the pasture group ranged between September 24 and 
October 11, and for those in dry lot between November 12 and December 
26, 1947. 

Milk letdown in the sows was induced by the injection of oxytecin as 
described in detail by Bowland et al. (1949b). The sows were milked at the 
time of parturition, the third day, the end of the first week, and each subse- 
quent week throughout the eight-week lactation period. 


Results 


Table 1 indicates the lactational trends of the total solids, solids-not-fat, 
protein, lactose, and ash for the two lots of sows. The figures given are the 
mean values for all samples analyzed at each period in lactation. Figure 1 
indicates in graph form the total solids and solids-not-fat content, while 
figure 2 indicates the protein, lactose, and ash content of sow’s milk. 


Total Solids 


The total solids were higher in the milk of the dry-lot sows than in that 
of the pasture sows with the exception of the first day colostrum. This 
difference was due to the higher fat content of the milk from dry-lot sows, 
as the solids-not-fat constituents were not significantly different. 

Because of the individual variation among the sows and the number of 
factors involved, it was difficult to establish a trend for the total solids. 
However, in general, a low point appeared to be reached about the third 
week of lactation after which the total solids increased slightly. 


Solids-not-fat 


No appreciable difference occurred between the two lots of sows in the 
solids-not-fat content of the milk. There was a tendency of the solids-not-fat 
to rise after the third week. First drawn colostrum was very high in solids- 
not-fat because of the protein fraction. 
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Figure 1. The total solids and solids-not-fat content of milk. 
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Protein 


There was no difference in protein between rations so far as normal milk 
was concerned. However, a very large difference occurred between the first 
day colostrum of the two groups. The dry-lot sows gave colostrum con- 
sistently high in protein whereas the pasture sows showed a large individual 
variation. 


Ash 


The ash content of sow’s milk showed a very definite rise from a little 
over 0.7 percent in first day colostrum to between 1.2 and 1.3 percent in 
the eighth week milk, an increase of 75 percent. There was no appreciable 
difference between lots. The ash rose rapidly between the first and third 
days and then declined a little before beginning its upward trend. 


Lactose 


The milk sugar content of the milk was determined by difference. As was 
the case with the other solids-not-fat constituents no difference occurred 
between the pasture and dry-lot sows. The lactose was definitely low on 
the first day, rising rapidly before levelling off at the end of one week. 


Discussion 


No breed difference was evident between the Chester White and Poland 
China sows in the pasture lot. This was true of all milk constituents studied. 

The difference between the total solids content of the milk from the 
pasture and dry-lot sows was because of a difference in fat content of the 
milk. This was most noticeably evident on the third day when the fat con- 
tent increased as described by Bowland et al. (19494). This sudden rise in 
fat content seemed to be caused by the sows converting their body fat into 
milk fat at a very rapid rate shortly after farrowing. As all these sows, 
particularly those which had been in dry lot, were fat at the time of farrow- 
ing, such an increase might not occur with sows in a thinner condition. 

The lower protein in the colostrum of pasture sows and particularly the 
inconsistency in protein content which ranged from 6.40 to 16.04 percent 
could not be explained. No correlation was found between this protein con- 
tent and the number of hours after farrowing at which the sows were 
milked. Protein was also quite variable in the milk of the same sow from 
week to week but a decided decline occurred up to the third week after which 
the protein content gradually rose. It is of interest that the third to fourth 


week seemed to be the critical period for many of the constituents of sow’s 
milk. 
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The low milk sugar content immediately after farrowing might be a con- 
tributing cause of hypoglycemia in baby pigs. Very little scouring in the 
young pigs, which is usually associated with hypoglycemia, was encoun- 
tered during these studies so no comparison between sows could be made in 
relation to this subject. 

An inverse relationship of the content of lactose and the content of ash 
in the milk was apparent between the two groups of sows. When the lac- 
tose was higher the ash tended to be lower as compared to that of the 
other group at the same stage of lactation. This relationship has been shown 
to occur in other species and is explainable on the basis of osmotic pressure 
in the milk. 

The values for the constituents of sow’s milk obtained in this work are 
in quite close agreement with Braude et al. (1947) which is the only compar- 
able work on the lactational trends in milk constituents. Of the milks from 
other livestock, ewe’s milk as analyzed by Pope (1946) appeared to be 
most similar to sow’s milk in composition. Sow’s milk was higher in protein, 
ash, fat, and total solids but comparatively lower in lactose than cow’s 
milk as shown by Davies (1939), and Morrison (1948). 


Summary 


The total solids, solids-not-fat, protein, lactose, and ash content of 
sow’'s milk are reported for two groups of sows, one group on pasture, and 
one group in dry lot. The sows were milked manually after the injection of 
1 ml. of Pitocin, on the first day of lactation, the third day, at the end of 
the first week, and each subsequent week throughout lactation. 

The mean values of milk constituents for pasture sows were, for first day 
colostrum: total solids 22.81 percent, solids-not-fat 15.92 percent, protein 
11.25 percent, lactose 2.89 percent, and ash 0.72 percent; for later milk: 
total solids 19.47 percent, solids-not-fat 13.16 percent, protein 7.09 percent, 
lactose 5.18 percent, and ash 0.99 percent. The mean values of milk con- 
stituents for dry-lot sows were, for first-day colostrum: total solids 22.81 
percent, solids-not-fat 17.21 percent, protein 14.29 percent, lactose 3.42 
percent, and ash 0.73 percent; for later milk: total solids 20.69 percent, 
solids-not-fat 13.38 percent, protein 7.42 percent, lactose 5.08 percent, and 
ash 0.98 percent. 
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SUPPLEMENTED MILK DIETS FOR YOUNG PIGS IN CAGES! 


J. A. Weysrew, H. A. Stewart, GENNARD MATRONE,” AND 
W. J. Peterson 
North Carolina Agricultural Experiment Station® 


ERY little is known of the nutritional requirements of the very young 

pig. The preponderance of available data on the nutrition of swine con- 
cerns the pig from weaning to market weights. A few studies with younger 
pigs have been reported. 

Newlander and Jones (1935) investigated the relative value of normal 
cows’ milk, evaporated milk, whole milk powder, and remade milk (pow- 
dered skim milk plus butter) as infant foods. Because of the physiological 
similarities of their digestive systems, baby pigs, two days of age, were used 
as the test animals. These pigs were bottle-fed until five weeks of age—a 
period, according to these authors, comparable to the first year of an infant's 
life. Observations on vigor, total gains, economy of gains, and body com- 
position, rated the normal milk superior to the other milks tested. In a simi- 
lar experiment, but starting with pigs five weeks old, Washburn and Jones 
(1916) included sweetened condensed milk in the comparison. Again, normal 
milk gave the best results; sweetened condensed milk produced a danger- 
ously fat body. 

Wintrobe (1939) raised pigs on a synthetic diet composed of 24% casein, 
13.5% lard, and 62.5% sucrose, supplemented with minerals, cod-liver oil 
and yeast. The starting ages of the pigs ranged from 2 to 23 days, and the 
studies were continued nearly eight months in some cases. Wintrobe re- 
ported that this artificial diet permitted “good growth.” Interpolation of the 
published growth curves, however, indicates that the pigs weighed appre- 
ciably less than 10 kg. (22 lbs.) at the normal weaning age of 56 days. 

Starting with pigs 2 to 23 days of age, McRoberts and Hogan (1944) 
studied the effects of various vitamin supplementations to a basal synthetic 
diet composed of 30% acid-washed casein, 30% sucrose, 5% corn starch, 
30% lard, and 5% salt mixture. They obtained no evidence to indicate that 
the pig requires vitamin E, vitamin K, choline, biotin, inositol, or p-amino- 
benzoic acid. They also state that liver or yeast contains all unrecognized 
vitamins required by the pig. One of their experimental groups reached an 
average weight of 31.8 pounds at 56 days of age. 

1 Paper presented at the annual meeting of the American Society of Animal Production, Chicago, November, 1947. 
Contribution from the Department of Animal Industry, North Carolina Agricultural Experiment Station. Published 
with the approval of the Director as Paper No. 290 of the Journal Series. This investigation was aided by a Swift & 
Company fellowship. 


? Representing the U. S. Plant, Soil, and Nutrition Laboratory, Ithaca, New York. 
3 The authors thank Dr. H. L. Lucas for the statistical evaluation of the data. 
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Powick, Ellis, Madsen, and Dale (1947) studied the effect of supplement- 
ing a purified diet with nicotinic acid for pigs three weeks of age at the 
start of the experiment. They found the optimum intake level of nicotinic 
acid to be 0.6 to 1.0 mg. per kilogram live weight per day. 

In two trials of three pigs each, Anderson and Hogan (1947) fed three- 
day old pigs a synthetic milk containing all the recognized vitamins. At 
eight weeks of age, these pigs averaged 35.8 and 21.9 pounds, respectively, 
for the two trials. 

Johnson, James, and Krider (1947) reared pigs in cages in two trials with 
10 pigs each, to average 56-day weights of 32.7 and 35.5 pounds on a synthet- 
ic diet composed of casein, cerelose, lard, salts, and vitamins. In the first 
experiment, the pigs were two weeks of age when put on trial. Four-day 
old pigs were used in the second experiment. These authors observed no 
advantage from the addition of pteroylglutamic acid to their synthetic diet. 

Baby pigs that had never suckled their dam failed to survive on a syn- 
thetic milk longer than 22 days in an experiment reported by Bustad, Ham, 
and Cunha (1947). The inclusion of plasma or serum as a substitute for 
colostrum prolonged life somewhat as compared with the survival times for 
the pigs fed only the synthetic milk. 

The experiment reported here initiates a series of studies to evaluate 
more precisely the nutritive requirements of the baby pig from birth to 
eight weeks of age. It has as its objectives: (1) to develop methods for rearing 
baby pigs in cages; (2) to study the characteristics of the growth curves for 
very young pigs; and (3) to compare three supplemented milk diets for baby 


pigs. 
Experimental Procedure 
Design of the Experiment and Allotment of Animals 


Limitations in physical equipment restricted the size of the experiment 
to twelve pairs of pigs, or eight pigs for each of the three diets to be com- 
pared. A randomized block design was chosen in which the experimental 
unit was a cage of two pigs. 

A total of 25 pigs from three litters of 10, 5, and 10 pigs, respectively, 
which were farrowed the same day were available for the experiment. 
These were cross-bred pigs from dams that were half-sisters. 

In allotting the animals to treatments, litters were distributed uniformly 
across all the diets insofar as possible with the limited number of animals. 
Pairings were made on the basis of birth weights because it was deemed 
important to have pen-mates of about the same size. Litter distribution 
was effected in seven of the eight assignments. Sex was disregarded. 

The pigs were between 36 and 48 hours old when placed on experiment. 
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Commercially obtainable rabbit cages in batteries of six were used (see 
figure 1). The shed-type building in which the experiment was housed for 
the first four weeks, was maintained at a minimum temperature of 60° F. 

At the end of the fourth week, the pigs were moved into the farrowing 
barn and caged in sheep metabolism crates. The original pairings of animals 
were retained, but a new positional randomization was made. 


Diets Compared 
Three essentially whole milk diets were compared: 


Diet A—Evaporated Milk‘ 
Diet B—Reconstituted skim milk solids’ plus butter 
Diet C—Reconstituted whole milk solids 


Ordinary creamery butter in the ratio of one part butter to three parts skim 
milk solids made up Diet B. This diet differed primarily from the whole milk 
of Diet C in whatever nutrients had been removed with the buttermilk at 
churning. 

The milk powders of Diets B and C were resuspended in water by mixing 
thoroughly in a Waring Blendor for a few minutes. The butter was melted 
in a hot water bath and whipped into the blending skim milk slurry. This 
procedure gave a satisfactory though not permanent emulsion. 

At the start of the experiment, all milks were mixed (or diluted in the 
case of the evaporated milk) to contain approximately 17% solids. Sows’, 
milk contains, on the average, 18.18% solids (Hughes and Hart, 1935). 
To assure high consumptions, the solids contents of the milks of Diets Band 
C were gradually increased to a maximum level of approximately 40% by 
the end of the third week and maintained at this level thereafter. Diet A 
was likewise thickened but never exceeded the solids content of the evap- 
orated milk (25.9%). 

The milks were mixed fresh daily or twice daily toward the end of the 
experiment. Milk containers and feed troughs were washed daily. A supply 
of fresh water was kept before the pigs at all times. 


Mineral Supplementation 


Cow’s milk is recognized to be deficient in certain minerals, notably 
iron and iodine. A mineral mixture was compounded so as to supplement 
adequately 100 pounds of whole milk solids. This mixture, which is based 
on that used by Wintrobe (1939), contained: 


4 Furnished by the Pet Milk Company, St. Louis, Missouri. 
5 Spray-dried, non-fat milk solids provided by the American Dry Milk Institute, Inc., Chicago, Illinois. 
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Ferric chloride-6 H,O 68.19 grams 
Cupric acetate: 1 HxO 4.55 grams 
Manganous sulfate - 1 H,O 11.37 grams 
Zinc oxide 2.27 grams 
Cobaltous carbonate 2.27 grams 
Potassium iodide 2.27 grams 


These salts were dissolved or suspended in 1000 ml. of water and the min- 
eral solution added at the rate of 2.2 ml. per 100 grams milk solids as the diets 
were being prepared. Calcium and phosphorus were thought to be adequate 
for young pigs. After the third week, magnesium, as the citrate, was also 
added in a calculated amount to bring the total magnesium content to 0.20% 
of the solids. 


Vitamin Supplementation 


Certain of the vitamins are required by swine. It has been shown that 
pigs require vitamin A (Hughes, Aubel and Linnhardt, 1928), vitamin D 
(Johnson and Palmer, 1941), thiamin (Wintrobe, Mitchell, and Kolb, 1938), 
riboflavin (Hughes, 1940), pyridoxine (Hughes and Squibb, 1942), panto- 
thenic acid (Hughes and Ittner, 1942), and nicotinic acid (Chick, Macrae, 
Martin, and Martin, 1938). McRoberts and Hogan (1944) obtained no evi- 
dence to indicate that pigs require vitamin E, vitamin K, choline, biotin, 
inositol, or p-aminobenzoic acid. 

While certain of the B-vitamins are required, there are no recommended 
allowances of these vitamins in the literature which apply to pigs under 
three weeks of age. As an approximation, however, the National Research 
Council’s (1944) recommended allowances of these vitamins were extra- 
polated to yield approximate allowances for the very young pig. The com- 
puted daily intakes of these vitamins, based on the average solids consump- 
tions and the average vitamin analyses for the three milk products under 
study, were well above these extrapolated values. Likewise, the intakes 
computed for the sixth week of the experiment were also adequate. 

Furthermore, in a previous experiment, no advantage was observed from 
the addition of 3% yeast to a basal diet of supplemented whole milk for pigs 
up to three weeks of age. Therefore, supplementation with B-vitamins was 
omitted in this experiment. 

All diets were uniformly supplemented with cod-liver oil at the rate of 
1 ml. per 100 grams of solids to provide vitamins A and D. 


Rate and Method of Feeding 


Newlander and Jones (1935) observed the normal nursing schedule of 
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pigs suckling their dams and noted that on the average, night as well as day, 
pigs suckled every 50.5 minutes and that the duration of each meal averaged 
three to four minutes. 

Estimates of numerous workers indicate that the suckling pig consumes 
milk equivalent to approximately 260 cal. per kilogram of body weight daily 
during the first week and that the consumption decreases to about 60 cal. 
per kilogram after the fourth week. Wintrobe (1939) fed his synthetic diets 
at the rate of 159.5 cal. per kilogram per day. Newlander and Jones (1935) 
fed their milk diets at a rate calculated to enable the pig to double its birth 
weight in average time; thus their feedings were at the rate of about 260 
cal. per kilogram daily. 

It is not necessary to bottle-feed baby pigs. They readily learn to drink 
from a trough, usually within twelve hours from the time they are taken 
from their mother. The pigs were fed four times daily at four-hour intervals 
starting at 8:00 a.m. A volume of milk was fed to each pen at each meal 
which, based on careful observations, was judged to be the amount that the 
pigs would clean up within thirty minutes. Extra milk was added at the 
night feeding. 

Accurate records of the volumes of milk fed were kept for each pen. These 
consumptions could then be converted rather simply to the solids basis. 
Weight records were kept for each individual pig. 


Results and Discussion 
Physiological Observations 


During the first few days of the experiment many of the pigs developed 
a yellow diarrhea. These diarrheas of young, artificially-reared pigs have been 
encountered by others (Newlander and Jones, 1935; Anderson and Hogan, 
1947; Bustad, Ham and Cunha, 1947). These latter workers reported penicil- 
lin, sulfathalidine, sulfamethazine, and kaopectate to be ineffective in con- 
trolling these diarrheas. In this study it was found that increasing the rate 
of mineral supplementation from 2.2 ml. to 4.4 ml. per 100 grams of solids is 
quite beneficial. The feces of most of the diarrhetic pigs soon became much 
darker in color and of a more normal consistency. Occasionally, however, 
throughout the experiment, a pig on the evaporated milk diet became di- 
arrhetic and went off feed for a day or two. 

Early in the trial some of the pigs developed a mild dermatitis which 
seemed to be more related to litter than to diet; however, all of the confined 
pigs lacked the glossy sheen characteristic of thrifty suckling pigs. This 
dermatitis was not severe and cleared up after about two weeks. By the 
end of the experiment, the cage-reared pigs all had slick glossy hair coats. 

When the pigs were first put into the cages and again at four weeks 
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when they were moved onto the larger-mesh screens of the metabolism 
crates, a few of the pigs developed sore feet. Usually the condition was not 
serious and the pigs quickly adjusted themselves to the new environment. 
In a few cases, however, rather severe cracks developed in the cushions of 
the feet. 





Figure 2. Picture showing the inflamed eye and the tarry exudate. This condi- 
tion developed in the largest and fastest-growing pig (on diet C) during the 
eighth week of experiment. 


Throughout the experiment one of the smaller pigs on the c.aporated 
milk diet had a chronic watering of the eyes with a tarry exudate below the 
nasal canthus. During the eighth week of this study, the eyes of the very 
largest and fastest-growing pig (on diet C) became severely inflamed, watered 
profusely, and also developed the tarry exudate (see figure 2). Similar ob- 
servations have been made by others (Anderson and Hogan, 1947; Bustad, 
Ham and Cunha, 1947). 

Toward the end of the experiment, the snout of one of the larger pigs on 
diet A became a rather vivid bluish-purple in color. This observation was 
striking and seemed to be in excess of any heritable coloration. No satisfac- 
tory explanation is apparent. 
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After about the fifth or sixth week, the milk diets no longer satisfied the 
pigs. Immediately following a meal of milk, the pigs drank large volumes of 
water. It was observed that the pigs on the B and C diets drank at least 
twice as much water as pigs receiving evaporated milk. 


Growth and Solids Consumptions 


The young pig being fed for maximum growth is very sensitive to 
changes in environment. This was manifest following the transfer from 
the rabbit batteries into the metabolism cages, when consumptions and gains 
fell off for the first two days. 


TABLE 1. MEAN WEIGHTS AND CUMULATIVE FEED CONSUMPTIONS 
BY EIGHT CAGE-REARED PIGS ON EACH OF THREE DIETS 























ao End of experimental week— Mean 
Diet weight — 
(grams) I 2 3 4 5 6 iam 
Mean Weight in Grams 
A 1429 2278 3677 5420 7351 10273 12604 
B 1541 2725 4226 6742 9317 12700 15640 
C 1370 2298 4022 6581 9355 13181 16646 
Cumulative Mean Total Solids Consumptions in Grams 
A 860 2063 3289 6079 8679 11872 94.1 
B 1082 2691 5157 8743 12964 18011 78.3 
Cc 883 2492 5113 8713 12720 17812 85.8 





1 Weight after six weeks of experiment is the final weight for the comparison of the three diets. 





Final weight —Initial Weight 
X 100. 


2 Efficiency index = : 
Total Consumption 


Experimental results became confounded with unmeasurable environ- 
mental effects after the sixth week. Due to a shortage of labor, it was no 
longer possible to maintain a satisfactory condition of cleanliness. Mixing 
equipment had become inadequate for preparing the large volumes of milks 
required. Also, the pigs were vaccinated at this time. Therefore, the com- 
parison period for the three diets was terminated at the end of the sixth 
week. 

The results are summarized in table 1. These data suggested two compari- 
sons: (1) Diet A versus the mean of diets B and C, and (2) diet B versus diet 
C. In the statistical analysis, these two contrasts were tested independently. 

The original analysis of variance was conducted on final weights. This 
analysis showed that diet A is markedly poorer (P <.05) than diets B and 
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C, whereas the contrast between the two superior diets was not significant. 
It is to be noted that slight differences existed in the mean starting weights 
for the three groups. Covariance adjustment for initial weight did not 
alter the interpretation of the differences in final weights; viz., no difference 
between diet B and diet C and both are superior to diet A (P <.01). 

Since each pair of pigs had been full-fed to the same degree, the over-all 
comparison of the three milk diets ends here. However, the pigs on the 
evaporated milk would not consume as much milk as did the other pigs; 
neither would they tolerate as rapid an increase in the solids concentration 
as did the pigs on the other diets. This lower consumption is shown as the 
mean cumulative total solids consumptions in table 1. 

Accordingly, other analyses of variance were conducted on final weights 
after adjusting, by covariance technique, for total feed consumptions only, 
and after adjustment for both feed consumptions and initial weights. In 
these analyses, the differences between the diets disappear, indicating that 
the evaporated milk pigs utilized the feed consumed for growth as efficiently 
as did the other pigs. Perhaps the lower consumption merely reflects a 
lower palatability of the evaporated milk. 

Since expensive feeds and considerable labor were involved in conducting 
this experiment, it seemed rather pertinent to examine the data to ascertain 
how early in the trial period these same differences became demonstrable. 
One approach might have been to conduct the same analyses of the data on 
the mean weights after each week of the experiment successively. However, 
a failure to find differences significant at any given week could not be taken 
as very definite evidence that true differences between diets did not exist at 
that time. 

Another method which makes use of all of the data in the interpretation 
of differences between diets was used. Curves of the type 


Y= V etter" 


were fitted to the mean growth data for each diet after adjusting to the same 
initial weight. In this equation, yo is the initial weight in grams; y, the 
weight at time t, and t is time in weeks of experiment; b and c are constants 
measuring the rate of gain and are determined from the data. Feed consump- 
tions were not considered in this analysis. The equations for the three diets 
follow: 

For diet A, y= 1388 ¢-525 ¢-0.0265 ¢° 

For diet B, y= 1388 ¢9-587 0.0818 #? 

For diet C, y= 1388 ¢9-6% *-0.0386 ¢? 


Statistical analysis was made on the coefficients for t and t?. It was found 
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that the coefficients for t on diets B and C were not significantly different. On 
the other hand, the coefficient for t on diet A was significantly lower than 
the mean of the coefficients on the other diets. Coefficients for t? did not 
differ significantly from diet to diet, but all were significantly different 
from zero. 

Using the growth equations given above and the estimates of the vari- 
ance of values predicted from them, it was computed that diet A became 
significantly different from the other two diets in the fourth week of the 
experiment. However, the fact that the coefficients for t in this contrast 
(diet A versus the mean of B and C) are significantly different suggests that 
the diets differed in their effects from the very start but that natural vari- 
ability masked these differences until such time as they became pronounced. 


Efficiency of Feed Utilization 

Mean efficiency indices, viz., grams gained per gram solids consumed, 
are given in the last column of table 1. The reciprocal of the weighted aver- 
age of these figures shows that for all of the cage-reared pigs throughout the 
six weeks of the trial, 1.16 grams (or pounds) of milk solids were required for 
each gram (or pound) of gain realized. This high efficiency is in contrast to 
the approximately 30 per cent efficiency (3.33 pounds feed per pound gain) 
expected for older pigs in the feed lot. 

Thus the efficiency with which the pig converts feed consumed into gain 
must decline as the pig grows. When the gain/consumption data in table 1 
are related for each successive week of the experiment, this declining ef- 
ficiency becomes evident. Furthermore, the pigs on diet A had a higher 
efficiency index during the sixth week of the experiment. The diet A pigs, 
however, averaged nearly 8 pounds lighter than the pigs on the other diets; 
so the higher efficiency might be explained on the basis of the slower growth 
rate of the pigs on the evaporated milk. After adjusting for weights, the 
differences in efficiencies are no longer significant. 

In figure 3, the mean efficiency indices for all cage-reared pigs after adjust- 
ment for weights are shown as a function of time. A quadratic curve fits the 


data best. 


Efficiency of Energy Utilization 
A more meaningful study of utilization efficiency would be to relate stor- 
age to consumption on an energy basis. Such a procedure presumes a knowl- 
edge of tissue composition, and tissue analyses were not made. By making 
certain assumptions, however, interesting calculations are possible. 
Newlander and Jones (1935) studied the carcass composition of their pigs 
at different ages. Since che diets they used were the same as in this experi- 
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Figure 3. Mean efficiency index of all cage-reared pigs 
after adjusting for body weight. 


ment, the composition data reported by these authors might be expected 
to hold, in general, for the pigs in this study. Although they found minor 
differences between pigs on the different diets, all of their data have been 
averaged for the purpose of this calculation. These composition data are 


TABLE 2, AVERAGE COMPOSITION OF PIG CARCASSES! 








Energy content? 





Age group Dry matter (cal. per gram 
(percent) dry matter) 
2 days 21.46 3.96 
2 weeks 26.79 4-74 
34 weeks 29.08 5.13 
5 weeks 29.99 5233 





1 From Newlander and Jones (1935). 
? Computed by the usual procedure, i.e., protein <4 cal./gm. plus fat X9 cal./gm. 








218 Weysrew, STEWART, MATRONE AND PETERSON 


summarized in table 2. These data were interpolated to yield values at the 
proper intervals for our experimental data. 

The approximate caloric values of the solids consumed were computed 
from the average composition of the three milk diets by the usual procedure.® 
These calculated efficiencies of energy utilization are given in table 3. 

Newlander and Jones (1935) credit Rubner with the statement that the 
number of calories of food necessary to double the weight of the newly- 
born of all species (except man) is the same per kilogram whether the rate 
of growth of the species is fast or slow. To construct one kilogram of normal 
body substance, 4808 calories are required except in the case of man where 
six times that amount are required. Based on the composition data in table 2 


TABLE 3. COMPUTED ENERGY REQUIREMENTS FOR GROWTH 
OF CAGE-REARED PIGS 





























Week of experiment 
Diet 

I 2 3 4-5 6 Ave. 

Calories Required Per Gram Fresh Weight Gain 
A 5.35 4.52 5.33 5.21 7.20 5-47 
B 4-47 5.21 4-73 6.39 7.91 5.85 
Cc 4.95 4.88 5.35 6.02 7.67 5.62 

Calories Required Per Gram Dry Matter Gain 
A 24.10 17.73 19.24 17.72 23.79 20.05 
B 20.12 20.44 17.09 21.74 21.66 20.47 
Cc 22.27 19.14 19.31 20.47 25.34 21.17 

Efficiency of Energy Utilization! 

A 16.93 25.78 25.47 29.41 22.61 24.94 
B 20.28 22.36 28.67 23.97 24.83 24.01 
Cc 18.32 23.88 25.38 25.45 31.33 23.29 





Calories Stored 


1 Effici f y utilizati = 
ciency of energy utilization (%) anes Cheam 


interpolated for a 3}-day-old pig (since pigs normally double their birth 
weight in slightly more than a week), this efficiency of energy storage is 
computed to be 18.83 percent. It should be noted that this efficiency is stated 
to hold only for the first doubling in weight. 

These calculated efficiencies (table 3) indicate that pigs are capable of 


6 Calories per 100 gm. solids = 4 (% protein+ % lactose) plus 9 (% fat) on the solids basis, 
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utilizing the energy of milk diets with an appreciably higher efficiency and 
for much longer period than implied in the statement by Rubner. Actually 
these calculations are conservative. The pigs in this experiment weighed 
more at 21 days of age than did Newlander and Jones’ pigs at 35 days of age. 
It would seem, therefore, that the pigs studied here were fatter and hence 
had a higher energy content. Perhaps the dry matter content was higher 
as well. 


8g, =~ — AVERAGE DAILY MILK FLOW =3'5 
AVERAGE WEEKLY GAIN, SUCKLING PIGS 
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Figure 4. Increment of gain curves for cage-reared pigs and suckled 
pigs and the secretion curve for sows. 


Cage-Reared Pigs Versus Suckling Pigs 


In figure 4, curves showing the average weekly gains of creep-fed suckling 
pigs and the average daily milk secretion of sows are reproduced from the 
literature (Comstock, Winters, Jordan and Kiser, 1942). The parallelism be- 
tween the growth of pigs and the milk flow of sows suggests that suckling 
pigs are limited nutritionally until they have learned to supplement the in- 
adequate milk supply of the dam with feeds from the creep. 

The average weekly gains of all cage-reared pigs in this study are super- 
posed graphically in figure 4. The contrast between the weekly increments 
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of gain of suckling pigs and pigs reared in cages clearly indicates that the 
baby pig, if adequately fed, has a much greater potential to grow than is or- 
dinarily realized with pigs suckling the sow. 

Although not a part of the original plan for the experiment, comparative 
growth data were available from three other litters of the same age as the 
pigs used in this study. These litters had been permitted to suckle their : 
dams on good pasture and had had access to a self-feeder. Data for cage- 
reared pigs versus suckling pigs are given in table 4. 





TABLE 4. GROWTH OF CAGE-REARED PIGS VERSUS 
SUCKLING PIGS 








Mean weights and Sz* in grams 





















































Litter Pigs in 
number litter At birth | 21 days 35 days 56 days 
Suckling Pigs : 
32 8 1107+99 | 4624+ 322 7581+ 467 16850 + 862 
33 5 1117+47 4687 +229 7994+ 379 15880 + 891 
34 8 988 + 61 4867 + 308 7658+ 548 13680 + 862 
Mean (grams) 1064 4732 709 15410 
(pounds) 2.34 10.42 16.98 33.94 
Cage-Reared Pigs (By litter)! 
35 9 1140464 | 48424203 9674+ 348 17860 + 539 
36 5 1644+ 65 7053+ 62 14006 + 240 22600 + 707 
37 8 1220+25 52554169 11048+243 20530+ 374 
Mean (grams) 1284 5498 11158 19780 
(pounds) 2.83 12.11 24.58 43.57 
Cage-Reared Pigs (By diet)? 
Diet A (grams) 125275 4829 + 260 97434418 15940+ 703 
(pounds) 2.76 10.64 21.46 $6.21 
Diet B (grams) 1356435 §850+ 100 11930+ 280 21220+ 485 
(pounds) 2.99 12.89 26.28 46.74 : 
Diet C (grams) 1249+ 47 57674175 117214245 22050+ 359 
(pounds) 2.75 12.70 25.82 48.57 

















S(x— af 


n(n—1) 





* Sz=standard deviation of mean (standard error) = 4/ 


1 Standard errors corrected for variation due to diet. 
2 Standard errors corrected for litter variation. 
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At the normal weaning age of 56 days, the hand-fed pigs weighed on the 
average 9.63 pounds more than the suckling pigs. The artificially-reared pigs, 
however, were also significantly heavier at birth. Therefore, the two groups 
of pigs were contrasted at the various weighing intervals after adjusting for 
birth weights. Between-litter variance was used as the error for testing dif- 
ferences due to management. 

When the mean for all cage pigs was compared with the mean for all 
suckling pigs, the difference in favor of artificial rearing was significant 
(P <.05) only at the fifth week. In another analysis of the data, the pigs on 
diet A were eliminated from the comparison. The pigs on diets B and C 


TABLE 5. COMPOSITION OF THE RATION FOR CAGE-REARED PIGS 
DURING TRANSITION FROM THE CAGES TO THE FEED LOT 











Ingredient Parts Nutrient Percent 
Ground yellow corn 58 Dry matter 91.50 
Ground wheat 10 Crude protein 16.50 
Rolled oats 5 Crude fat 4-22 
Soybean oil meal 10 Crude fiber 3.97 
Tankage 5 Nitrogen-free extract 60.84 
Fish meal 5 Ash 5.97 
Alfalfa leaf meal 5 Calcium 1.43 
Minerals 2 Phosphorus 65 





were markedly heavier (P <.o1) than suckling pigs at 5 weeks and still sig- 
nificantly better (P<.05) at eight weeks. 

A contrast between the standard deviations of the means (table 4) of 
caye-reared litters versus suckled litters leads to an interesting and reason- 
able conclusion. At the higher plane of nutrition, pigs with presumably 
the same heritable potential to grow (littermates) respond more nearly 
alike. The same conclusion may be drawn from the data for the three com- 
parison diets; the standard errors for gains of pigs on the superior diets are 
appreciably lower than for the pigs’on the evaporated milk diet. 


Post-experimental Performance 


Although the comparison period for the three milk diets was terminated 
after the sixth week, the pigs were continued on their respective dietary 
regimes until they were nine weeks of age. 

During the eighth week, all pigs were given free access to a mixed ration 
(table 5) in addition to the normal milk feedings. During the ninth week, the 
milk feedings were reduced progressively so that by the end of the week the 
pigs had been forced on to the dry feed. 
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The pigs were then put into the feed lot together with a considerable 
number of sow-raised pigs. Although the cage-reared pigs went into the 
feed lot considerably heavier than suckled pigs the same age, they soon lost 
their weight advantage. The artificially-raised pigs could not meet the com- 
petition. During the experiment, these pigs had had to compete with but 
one other pig at the feed trough. Also they had been full-fed on highly 
digestible, concentrated milk diets and apparently were unprepared physi- 
ologically to handle the coarse natural feeds. 


Mortality 

For the nine weeks of the experiment, mortality was 123 percent. Two 
pigs, one on diet A and one on diet B, died of a diarrhea on the sixth and 
ninth days of the study. Death was preceded by a rapid and marked dehy- 
dration of the body tissues. At the end of the seventh week, one of the 
largest pigs on diet B died with symptoms resembling pneumonia although 
no definite diagnosis was made. 


Summary 


Baby pigs have been successfully reared in screen-floored cages from 2 
days of age past the normal weaning age of 8 weeks on whole milk diets sup- 
plemented with minerals and cod-liver oil. Twenty-four cross-bred pigs from 
three litters were used in this study. 

Analysis of the data for the first six weeks showed that skim milk plus 
butter (diet B) was equal to reconstituted whole milk powder (diet C) 
and that both were superior to evaporated milk (diet A). There was no dif- 
ference in the efficiency with which the solids from the three milks were 
utilized for growth. Consumptions of the evaporated milk were much lower 
than for the other two diets: 

At the normal weaning age of 8 weeks, the mean weights were 35.1 
+ 3.0, 46.8+2.1, and 48.6 + 1.4 pounds for diets A, B, and C, respectively. 
All hand-fed pigs weighed on an average 9.6 pounds more than a com- 
parable number of similar pigs that had been suckled by their dams on good 
pasture with access to a self-feeder. 

Mortality during the experiment was 123 percent. 
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THE EFFECT OF CRUDE SOYBEAN LECITHIN ON THE 
ABSORPTION AND UTILIZATION OF VITAMIN A 
FED PREPARTUM TO THE EWE AND SOW! 


H. D. Eaton, J. A. Curistian, F. C. Daucuerty,? A. A. SPIELMAN 
AND L. D. MATTERSON 
University of Connecticut* 


HE importance of optimum nutrition during the prepartum period on 

the performance of the dam and subsequent development of the new- 
born has received considerable attention during the past few years. It has 
been established that, by the addition of supplementary vitamin A fed 
during the prepartum period, the fetal storage of vitamin A can be materially 
increased in the calf, the kid, the lamb and the pig (Spielman et al., 1946; 
Wise et al., 1946; Thomas et al., 1947; Whiting, 1948). In addition numerous 
reports may be found to show that the vitamin A content of colostrum can 
be markedly increased by similar means. It has been further reported by 
Spielman et al., 1947, and 1948, that the feeding of supplementary vitamin A 
during the prepartum period has resulted in superior performance of Hol- 
stein calves as indicated by greater weight gains, higher levels of blood plas- 
ma vitamin A and a lower incidence and duration of scours than that 
observed in calves from dams fed no supplementary vitamin A. 

Since the utilization and absorption of supplementary vitamin A is in- 
efficient especially as regards mammary and placental transfer, many investi- 
gators have been prompted to find means of increasing the efficiency. In the 
case of species other than livestock, lecithin has been reported to influence 
vitamin A absorption and utilization (in man, Aldersberg and Sobotka, 
1943; in the rat, Slanetz and Scharf, 1943; Scharf and Slanetz, 1944; Slanetz 
and Scharf, 1945; and Esh and Sutton, 1948; and in the chick, Patrick and 
Morgan, 1943). Esh et al., (1947, 1948) have fed soybean lecithin with sup- 
plementary vitamin A to dairy cows during the pre and postpartum pe- 
riods. They obtained increased absorption and utilization as shown by 
higher maternal blood values and colostral and fetal storage of vitamin 
A when soybean lecithin was added to the supplementary vitamin A as 
compared to supplementary vitamin A alone. Furthermore, the feeding of 
soybean lecithin plus vitamin A to newborn calves on a skimmilk ration 

1 This work was supported in part by the Big-Y-Foundation and Chas. M. Cox Co. The authors are grateful to 
Mr. J. Pritchard and Mr. B. Cummings, herdsmen of the University sheep flock and swine herd for the care ofithe 
experimental animals. Further acknowledgement is made of the assistance of Mrs. L. Griswold, Dept. of Poultry 


Husbandry, in the carotenoid analyses of the feeds fed and in the analyses of the vitamin A potency of the dog fish 


liver oil. 
? Now at Colorado A. & M. College, Fort Collins. 
3 Animal Industries Department, Storrs, Conn. 
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resulted in greater absorption and utilization of vitamin A than when no 
lecithin was added to the vitamin A supplement. 

The objective of this study was to determine the effect of crude soybean 
lecithin on the absorption and utilization of vitamin A fed prepartum to 
ewes and sows as indicated by maternal blood plasma level, newborn blood 
plasma and liver storage levels, and 30-day old blood plasma and liver storage 
levels of vitamin A. 


Experimental 
Animals 


Three groups each of purebred pregnant ewes and sows from the Uni- 
versity flock and herd were used in this experiment from January through 
May 1948. They were allotted to an experimental grouping according to 
breed, age, and liveweight. All the ewes were started on experiment the 
first week in January; while the sows were placed on experiment 30 days 
before the calculated parturition date. All groups within a species received 
the same basal ration at the same level of intake. In addition each ewe and 
sow in group II received orally 200,000 I.U. of vitamin A daily until par- 
turition and each ewe and sow in group III received the same daily intake of 
vitamin A plus 4 grams of crude soybean lecithin added to the vitamin sup- 
plement. The vitamin A supplement‘ was in the form of dog fish liver oil 
which contained by analysis at the time of feeding 2.85 mg. of vitamin A per 
gram of oil. In the case of the ewes, group II received the vitamin A supple- 
ment for an average of 15.2 + 2.0 days (Mn+S.E.), while group III received 
the same level of vitamin A plus soybean lecithin for an average of 13.0 
+1.8 days. The sows in group II received the vitamin supplement for an 
average of 33.8+0.9 days and group III for an average of 32.0+0.8 days. 
The following summary gives the feeds fed and their carotenoid content. 


Carotenoid Content 
Feed mg./Ib 
Ewes 
Yellow corn 2, oats 6 \ 
Wheat bran 1, L.O.M.1 { sii 
Corn silage 0.71 
Mixed clover and timothy hay 16.41 
Sows 
Yellow corn 55, oats 25 ) 
Tankage 8, soybean oil meal ‘ 0.69 
Alfalfa meal 1 





4 This oil specially processed to contain 10,000 I.U. of vitamin A per gram was generously supplied by Nopco 
Chemical Company, Harrison, N. J. The crude soybean lecithin was supplied by Stacey Mfg. Co., Decatur, Illinois. 
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Samples 


Maternal blood samples were taken from the jugular vein of ewes the 
first week in January before vitamin A supplementation, within 24 hours 
after lambing, and 30 days after lambing. Blood was drawn from the anterior 
vena cava vein or from the tail of sows at 30 days prepartum before vitamin 
A supplementation, 2 weeks before farrowing, within 48 hours after farrow- 
ing, and 30 days after farrowing. Newborn lambs and pigs were bled within 
6 hours after birth and were not allowed to nurse. Blood samples from 30- 
day old lambs and pigs were obtained immediately after removal of the ani- 
mals from their dams. 

Livers were obtained from newtorn lambs and pigs which had not been 
allowed to nurse and which were slaughtered in most cases within 6 hours 
after birth. Thirty-day old lambs and pigs were removed from their dams 
and killed immediately. The entire livers were removed, cooled and held at 
4° C. The whole liver was homogenized in a Waring blendor, and analyses 
run on aliquot samples within 48 hours. In several cases the livers were 
frozen and held at — 18° C. until analyses could be made. In the latter case 
the time of storage did not exceed 2 weeks. 


Analyses 


Blood plasma vitamin A and carotenoids were determined by the method 
of Kimble, 1939, and liver vitamin A and carotenoids by the method of 
Davies, 1933. An Evelyn photoelectric macrocolorimeter that was standard- 
ized with crystalline 8 carotene in petroleum ether and with crystalline 
vitamin A alcohol in chloroform was used. 

The data were treated statistically to determine differences between treat- 
ments by the use of the “t” test as described by Love, 1943. Only those 
differences significant at the 1% level are reported as statistically significant 
in the results. 


Results and Discussion 


Maternal blood plasma levels of carotenoids and vitamin A are given in 
table 1. There were no significant differences or trends between groups in 
the carotenoid levels in either ewes or sows. The vitamin A plasma levels 
in those ewes and sows fed supplementary vitamin A with or without soy- 
bean lecithin were higher for each observation than those levels for the ani- 
mals on the basal ration. In the case of the ewes a significant difference oc- 
curred only at the time of lambing; and for the sows the only significant dif- 
ference was for the observations at 30 days after farrowing. Although the 
addition of soybean lecithin to the vitamin A supplement did increase the 
blood plasma level of vitamin A to slightly higher levels than when vitamin 
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A was fed alone, these differences were not significant nor did they approach 
significance at even the 5% level. Within a group there were no significant 
breed differences. 

The levels of carotenoids and vitamin A in blood plasma for newborn and 


TABLE 2. THE EFFECT OF VITAMIN A AND VITAMIN A AND CRUDE 
SOYBEAN LECITHIN FED PREPARTUM ON BLOOD PLASMA 
CAROTENOIDS AND VITAMIN A LEVELS IN NEWBORN 
AND 30 DAY OLD LAMB AND PIG, 
IN ug/100 ML PLASMA 









































| Newborn 30 days of age 
Dams prepartum ration, 
and breed Carotenoids Vit. A No. of Carotenoids Vit. A No. af 
animals animals 
Lambs 
Basal 
Southdown | — 7.4t 1.9 (2) 1.9+0.4 22.743.2 (8) 
Shropshire — a 6.0+1.0 23.1+1.2 (15) 
Both breeds — 7.4t 1.9 (2) 4.6+0.8 22.9+1.3 (23) 
Basal+Vit. A 
Southdown -- 6.7+ 3.5 (2) 5.6+1.6 25.2+2.1 (12) 
Shropshire —_ 1.5 2.3 (2) 5.6£1.1 27.3¢1.2 (17) 
Both breeds —_ 9.2% 3.2 (4) 5.6+0.8 26.4+1.1 (29) 
Basal+Vit. A+lecithin 
Shropshire — 13.6 8.3 (2) 2.2+0.6 32.242.3 (10) 
Pigs 
Basal 
Berkshires 2.0+1.0 5.8+ 0.1 (2) 1.5+0.3 18.3+1.1 (14) 
Chester Whites 0.50.5 8.a+ 1.1 (2) 2.50.4 31.4¢1.2 (17) 
Both Breeds 1.3+0.6 7.0+ 0.4 (4) 2.0+0.2 20.0+0.3 (31) 
Basal+Vit. A 
Berkshires 1.3+0.3 g.2+ 1.8 (3) 1.30.3 24.1¢1.1 (12) 
Chester Whites 2.0+0.0 6.2+ 0.9 (2) 1.40.3 23.8t+1.0 (17) 
Both breeds 1.6+0.2 8.04 1.3 (5) 1.3+0.2 23.9+0.8 (29) 
Basal+-Vit. A+lecithin 
Berkshires 1.7£0.3 9.0+ 1.6 (3) 1.2+0.2 a1.1t1.4 (18) 
Chester Whites 1.0+0.0 19.6+11.3 (2) 1.3+0.3 26.2+1.0 (11) 
Both breeds | 1.40.2 13.2+ 4.5 (5) 1.20.2 23.1¢1.3 (29) 








30-day old lambs and pigs are listed in table 2. There were no significant 
differences found between groups for newborn lambs or pigs. However, the 
levels of blood plasma vitamin A were higher in those newborn whose dams 
had been fed vitamin A with or without the addition of lecithin. At 30 
days of age those lambs and pigs from dams fed supplementary vitamin A 
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had significantly higher blood plasma levels of vitamin A than those levels 
found in animals from dams receiving no supplementary vitamin A. The 
addition of soybean lecithin did not result in a significant elevation in the 
vitamin A levels in blood plasma. In the case of the blood plasma carot- 
enoid content, those lambs from dams receiving the soybean lecithin had 
a significantly lower level than those lambs from dams receiving the vitamin 
A supplement alone. Pigs from dams receiving either vitamin A or vitamin A 
plus lecithin had lower levels than those pigs from dams receiving no vita- 
min A. Within a group, the carotenoid level for the 30-day old Southdown 
lambs from dams receiving only the basal ration was significantly lower than 
that for the Shropshire lambs and the 30-day old Berkshire pigs from dams 
receiving vitamin A and soybean lecithin were significantly lower in blood 
plasma vitamin A than the Chester White pigs. 

The liver storage of carotenoids and vitamin A for newborn and 30-day 
old lambs and pigs is presented in table 3. There were no significant differ- 
ences in the total carotenoid content of the liver or the carotenoid content 
per gram of liver. The concentration of vitamin A per gram of liver or the 
total amount of vitamin A in the liver for both newborn and 30-day old 
lambs and pigs was significantly higher in those animals from dams fed either 
vitamin A alone or vitamin A plus soybean lecithin than in those lambs and 
pigs from dams fed the basal ration only. Soybean lecithin did not significantly 
increase the liver storage of vitamin A. Within a group there were no sig- 
nificant breed differences. 


Discussion 


These data are in agreement with previous reports that the fetal storage 
of vitamin A can be increased by prepartum feeding of supplementary vita- 
min A. In addition the data show that the storage of vitamin A during the 
neonatal period is increased by the prepartum feeding of vitamin A. The 
addition of soybean lecithin to the supplementary vitamin A resulted in 
increases in the vitamin A levels found in blood and liver, but these increases 
were not consistent throughout the entire experiment nor were they statis- 
tically significant. 

The values for blood plasma carotenoids and vitamin A in those ewes and 
sows receiving the basal ration alone are essentially in agreement with those 
reported for ewes by Whiting (1948), and for sows by Grummer et al. 
(1948). The absence of a marked drop in the blood plasma levels of carotenoids 
and vitamin A in ewes and sows at the time of parturition is in contrast to 
that observed in cows by Sutton, Kaeser and Soldner (1945). Blood plasma 
levels of vitamin A have been found by Braun (1945), Hibbs and Krauss 
(1947), Hoefer and Gallup (1947), and Frey, Jensen and Connell (1947) 
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not to be a reliable index of the liver storage or dietary level of vitamin A 
(or carotene) except at very low dietary intakes. The lack of consistent sta- 
tistically significant increase in the blood plasma levels of vitamin A in 
those ewes and sows fed supplementary vitamin A with or without the 
addition of soybean lecithin is therefore understandable, since tle basal 
ration alone resulted in blood plasma levels of vitamin A which appear to be 
adequate. It should be pointed out that recently Parrish, Wise, and Hughes 
(1948) have suggested that blood samples containing appreciable quantities 
of vitamin A in the ester form should be saponified to obtain the true vita- 
min A values. However, Ross, Knodt, and Guerrant (1948) found no sig- 
nificant differences in blood plasma vitamin A levels in Holstein heifers fed 
equivalent amounts of vitamin A alcohol and the naturally occurring ester 
of vitamin A. The plasma was not saponified in the procedure used for 
vitamin A determination. Therefore it appears that Parrish et al. (1948) 
were able to measure only greater amounts of vitamin A due to saponifica- 
tion and not specifically the ester form of vitamin A. 

The blood plasma levels of carotenoids and vitamin A found in lambs and 
pigs at birth and at 30 days of age are essentially in agreement with those 
values reported by Thomas et al. (1947), Whiting (1948) and Grummer et 
al. (1948). The narrow differences in blood plasma levels of vitamin A as 
contrasted with liver storage levels supports the findings of those workers 
cited above in that there is little or no correlation between these two except 
when the liver storage reaches a very low level. The increase in liver vitamin 
A storage in the newborn lamb and pig due to prepartum vitamin A supple- 
mentation is similar to that obtained by Thomas et al. (1947) and Whiting 
(1948). The maintenance of higher liver levels during the neonatal period 
as indicated by those values found at 30 days of age is further evidence of 
the importance of optimum nutrition during the prepartum period. 

Slanetz and Scharf (1943), Scharf and Slanetz (1944) and Slanetz and 
Scharf (1945) have reported that soybean lecithin contains an unidentified 
substance which increases the utilization of vitamin A as indicated by weight 
gains and blood and liver storage levels of vitamin A in the rat. Similar re- 
sults have been found in chickens by Patrick and Morgan (1943), in the cow 
by Esh et al. (1948), and in the rat by Esh and Sutton (1948). In cases of 
sprue in man, Aldersberg and Sobotka (1943) have shown that the addition 
of soybean lecithin increased the absorption of vitamin A four-fold as 
indicated by blood serum levels of vitamin A. Soybean lecithin will increase 
fat absorption in the rat, as indicated by the work of Augur, Rollman and 
Deul (1947). 

The absence of consistent increases due to the addition of soybean 
lecithin to the supplementary vitamin A would seem to indicate, under the 
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conditions of this experiment, that soybean lecithin did not materially in- 
crease the absorption or utilization of vitamin A. Therefore, it would 
appear possible that the levels of vitamin A supplementation used in this 
experiment were above the optimum level of intakes for ewes and sows, and 
that any increase or sparing action due to the addition of soybean lecithin 
could not be demonstrated due to the feeding of an excess of vitamin A. 


Summary 


The effect of feeding daily 200,000 I.U. of vitamin A with or without the 
addition of 4 grams of crude soybean lecithin to ewes for an average of 14 
days prior to parturition and to sows for an average of 33 days prior to 
parturition has been studied. The following results were obtained: 

1. Both sows and ewes fed supplementary vitamin A with or without the 
addition of soybean lecithin had higher blood plasma levels of vitamin A at 
the time of parturition and 30 days after parturition than ewes and sows 
receiving no supplementary vitamin A. The only statistically significant 
difference was for the ewes at the time of lambing and for the sows 30 days 
after farrowing. The addition of soybean lecithin to a vitamin A supplement 
did not materially increase the blood plasma levels of vitamin A above that 
of animals receiving vitamin A alone. 

2. Both newborn and 30-day old lambs and pigs from dams fed supple- 
plementary vitamin A with or without the addition of soybean lecithin were 
higher in blood plasma vitamin A levels than those animals from dams fed 
only the basal ration. There was a statistical difference at 30 days of age for 
both lambs and pigs. 

3. The concentration of vitamin A per gram of liver or the total amount 
of vitamin A in the liver was significantly higher at birth and at 30 days of 
age in those lambs and pigs from dams fed supplementary vitamin A. The 
addition of soybean lecithin did not materially increase the liver storage of 
vitamin A. 
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TOCOPHEROL (VITAMIN E) DEFICIENCY AMONG 
SHEEP FED NATURAL FEEDS 


F. Wuitinc,! J. P. WittMaN ANp J. K. Loostt 
Cornell University? 


REVIOUS reports from this Station (Willman et al., 1931, 1934, 1940) 
have described the prevalence of nutritional muscular dystrophy 
(“stiff lamb disease”) among lambs of farm and range flocks, the gross and 
microscopic symptoms, and the feeds that have consistently resulted in a 
high incidence of this condition. Recently Vawter and Records (1947) 
reported a similar condition among range calves. Willman et al. (1945, 1946) 
presented evidence to show that the muscular dystrophy among lambs was 
probably due to a deficiency of vitamin E in the milk of the lactating ewe, 
since it could be prevented or cured by feeding mixed tocopherols to both 
the ewes and lambs, or to the lambs alone. During the course of these earlier 
experiments, satisfactory chemical methods were not available for deter- 
mining the tocopherol content of feedstuffs, blood plasma, or milk. Since such 
methods are now available some of the earlier experiments were repeated 
during 1946-47 to ascertain whether the tocopherol content of the blood 
plasma and milk of the ewes, and the tocopherol content of the blood plasma 
of the lamb would reveal further evidence that the condition was due to a 
tocopherol deficiency. The values obtained are compared with those of a 
flock of ewes fed a ration that has not resulted in muscular dystrophy 
among the lambs. The tocopherol content of the rations was also determined. 
The value of supplementing the prepartum deficient ration with to- 
copherol was also determined in order to ascertain whether sufficient body 
stores of this nutrient could be built up in the ewe and/or the lamb to pre- 
vent the occurrence of muscular dystrophy among the lambs. 

Natural and synthetic tocopherols had proved effective in curing the 
stiffness in previous experiments. Since wheat germ oil isa source of tocoph- 
erols that is readily available to sheepmen, its effectiveness in curing the 
stiffness was tested in this study. The reports of Marsh (1946) and Willman 
et al. (1945) indicated that wheat germ oil might be an effective cure. Mil- 
horat and Bartels (1945) found that cold pressed wheat germ oil produced no 
demonstrable change in the urinary excretion of creatine in muscle dystro- 
phy in humans, but that wheat germ oil obtained by extraction with warm 
ethylene dichloride reduced the creatinuria in 4 patients tested. For these 
reasons both co!d-pressed and solvent extracted wheat germ oils were com- 


1 Present Address: Dominion Experiment Station, Lethbridge, Alberta, Canada. 
2 Department of Animal Husbandry, Ithaca, N. Y. 
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pared with synthetic dl-alpha-tocopherol as curative treatments. Urinary 
creatine excretion (creatinuria) was used as an index of the effectiveness of 
these treatments in curing the stiffness, as it is. known that a high urinary 
excretion of creatine is associated with nutritional muscle dystrophy in 
rabbits and guinea pigs, and that this excretion rapidly falls to normal when 
tocopherol is administered (Mackenzie and McCollum, 1940; Eppstein and 
Morgulis, 1942; Hove and Harris, 1947; and others). 

During 1947-48 further experiments were carried out to determine 
whether the feeding of different types of hays was of any importance in pre- 
vention of the “stiff lamb” condition. 


Data and Discussion 
1946-47 Experiment 


Sixty-eight western range ewes were used in the 1946-47 investigations. 
They were fed daily from early December 1946, until turned out to pasture 
the following spring, a ration consisting of 1 to 1} pounds of cull beans 
(red kidney) and 3 to 4 pounds of second-cutting alfalfa and clover hay. A 
large number of “stiff” lambs have always occurred when ewes have been 
fed this ration (Willman et al., 1945). These ewes had had good pasture the 
previous summer and fall. Beginning approximately 6 weeks before parturi- 
tion, 20 of these ewes, picked at random, were fed 80 mg. per head daily of 
mixed natural tocopherols in the form of a stabilized powdered concentrate. 
This concentrate was mixed with the beans each day just before feeding. Its 
feeding was discontinued as the ewes lambed. Lambing occurred during the 
latter part of March and early April. This flock is referred to as the ““experi- 
mental flock” in future discussion. 

Another group of ewes which served as controls was fed a ration of mixed 
grass hay, oat hay, corn silage and a grain mixture consisting of corn, oats, 
wheat bran, and brewers grain. “Stiff” lambs have never occurred when 
ewes have been fed this ration. This flock is referred to as the “control 
flock” in future discusison. 

One third of all lambs showing definite signs of stiffness was treated by 
oral administration with 10 ml. of cold-pressed wheat germ oil daily until 
a decided improvement was noticed. Another one third of the “stiff” lambs 
was treated with a similar quantity of solvent extracted wheat germ oil. 
Both of these oils contained approximately 3 mg. of total tocopherol per 
gram of oil by chemical analyses. The other third of the “stiff” lambs was 
given 25 mg. of dl-alpha-tocopherol (Ephynal Acetate‘) in the form of a 


3“Myvadry.”* Generously supplied by Distillation Products, Inc., Rochester, New York. 
‘Generously supplied by Hoffman-LaRoche, Inc., Nutley 10. New Ter:ey. 
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tablet. In the odd case that the lamb became very stiff before treatment was 
begun, twice the above mentioned dosage was given. No lambs were left 
untreated, as previous experiments (Willman et al., 1945) had shown that 
most lambs left untreated died. 

Urine samples were obtained for creatine and creatinine determinations 
from as many of the “stiff” lambs as possible before treatment was adminis- 
tered, again two days after the first treatment, and again 4 days after the first 
treatment. The method of Folin (1914) as modified by Hove (1947) was used 
to determine creatine and creatinine. 

Blood samples were obtained approximately 6 weeks before lambing be- 
gan, from the 40 “experimental” ewes (20 of which later received the to- 
copherol supplement), from 6 of the “control” ewes, and from the same 40 
“experimental” ewes 2 weeks before lambing. Colostrum samples were ob- 
tained from 20 ewes in each of the “experimental” groups and from 10 ewes 
in the “control” group. Milk samples were obtained from 3 ewes in the “ex- 
perimental” flock that had received tocopherols, and 9 ewes in the “experi- 
mental” flock that had not received tocopherols at the time that their lambs 
showed definite signs of stiffness and from 5 ewes at a comparable stage of 
lactation in the “control” flock. Blood samples were obtained from 9 lambs 
in the “experimental” flock when they showed definite signs of stiffness, 
and before they had received any treatment, and from 3 lambs of comparable 
age in the “control” flock. These samples were analyzed for tocopherol con- 
tent using the method of Quaife and Harris (1944) with the hydrogenation 
apparatus of Quaife and Biehler (1945) for blood, and the method of Quaife 
(1947) for milk. 


Results of 1946-47 Experiment 


Of a total of 68 lambs in the “experimental flock” reared to 3 weeks of 
age or more, 31 developed signs of muscular dystrophy between 3 and 5 
weeks of age. Of these 31 lambs, 10 were from the ewes that had received the 
prepartum tocopherol supplements. The sheep were apparently unable to 
build up a reserve of tocopherol, sufficient to produce milk of high enough 
tocopherol content to prevent muscular dystrophy among the lambs. 

The results of the blood and milk analyses are shown in table 1. The 
blood plasma and the milk of the “experimental” ewes and the blood plasma 
of the “stiff” lambs were significantly lower in tocopherol than similar 
samples from the “control” flock. Tocopherol supplementation increased 
the tocopherol content of the blood plasma of the ewes but the increase was 
not statistically significant. However, at this level of tocopherol supplemen- 
tation (80 mg. per 100 lb. body weight daily) the tocopherol content did not 
reach that of the “control” ewes, which would indicate that higher levels 
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of tocopherol supplementation were required if the tocopherol content of 
the blood was to reach “normal” levels. This is also indicated by the fact 
that the tocopherol content of the first colostrum of the tocopherol sup- 
plemented “experimental” ewes was higher than that of the non-supple- 
plemented ewes but not as high as that of the control ewes. The tocopherol 
content of blood plasma of the pregnant ewes that did not receive tocopher- 
ols, increased as pregnancy advanced. This is in agreement with the work 
of Straumfjord and Quaife (1946) who reported the tocopherol content of 
the blood plasma of pregnant women increased as they approached the time 
of parturition. 

TABLE 1. TOTAL TOCOPHEROL CONTENT OF THE PLASMA AND MILK 


OF THE “EXPERIMENTAL” AND “‘CONTROL” EWES, AND OF 
THE PLASMA OF “STIFF” AND *“‘NORMAL” LAMBS 








*Experimental” flock 
“Control” flock 





Supplemented Non-supplement 
Items studied 





No. of | Tocoph- No. of | Tocoph- No. of | Tocoph- 





observa- __ erol observa- erol observa- erol 
tions content tions content tions content 
ug/100 ml. ug/100 ml. ug/t00 ml. 


Blood plasma of ewes 6 
weeks prepartum 20 432 31 20 34+ 14 6 251t 45 


Blood plasma of ewes 2 


weeks prepartum 20 132+ 68 20 79+ 53 — — 
Blood plasma of lambs - s3t 24 6 48+ 23 3 118+ 43 
Colostrum of ewes 14 801+ 450 19 5914333 10 1334+ 461 
Milk of ewes 3 m+ 32 9 60+ 28 5 164+ 56 





In table 2 are presented the creatinuria ratios before and after treatment 
of all lambs that lived more than 4 days after the first treatment. The numeri- 
cal expression of creatinurid in this paper is the same as that used by Hove 
and Harris (1947), which is the ratio of total creatinine (creatine plus pre- 
formed creatinine) to preformed creatinine. A numerical creatinuria ratio 
exceeding 1.3 is usually considered indicative of active muscular dystrophy. 
Some lambs were found with creatinuria ratios as high as 8.0, but only one 
lamb with an initial value higher than 4.0 was cured by the treatment used. 
However, some lambs died that did not show a high creatinuria ratio, but 
upon autopsy showed either skeletal or heart muscle lesions (Zenkers De- 
generation). It is apparent from table 2 that the three treatments were 
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TABLE 2. THE AVERAGE CREATINURIA RATIOS OF 
LAMBS WITH MUSCLE DYSTROPHY 














No. of Bef Two days Four days 
Treatment observa- ‘ ae . after after 
tions eee treatment treatment 
Wheat germ oil 
(cold pressed) 7 2.0(1.6-2.7)* 1.9 (1. 4-3.0) 1.4 (1.1-2.0) 
Wheat germ oil 
(solvent extracted) 6 2.1 (1.8-3.6) 1.8 (1.3-2.8) 1.4 (1.1-1.9) 
Synthetic d,l,alpha tocoph- 
erol 5 2.5 (1.7-4.3) 1.6 (1.2-3.2) 1.§ (1.0-2.3) 





* The figures in parenthesis show the range of values obtained. 


equally effective in reducing the creatinuria ratio. However, it should be 
mentioned in connection with the wheat germ oil treatments that there is 
considerable danger of getting the oil into the lamb’s lungs and causing pneu- 
monia unless it is administered with the utmost care. Most of the lambs 
treated were fully recovered 4 to 7 days after treatment began. 

Table 3 shows the total tocopherol content of the hays and beans fed to 
the “Experimental” and “Control” ewes during the 1946-47 study. Indi- 
vidual tocopherols (i.e. alpha, beta, gamma and delta) were not determined 
on these feeds due to the presence of interfering pigments, except in the case 
of the beans, in which it was found that approximately 60% of the total 
tocopherol was made up of the gamma and delta forms with alpha tocopherol 
presumably representing the remainder. 


TABLE 3. THE TOTAL TOCOPHEROL CONTENT OF THE FEEDS 





Total tocopherol content (mg/100 gms) 








*“Stiff-lamb™ “Control” 

ration ration 
Alfalfa hay, 2nd cutting 6.25 ~- 
Clover hay, 2nd cutting 6.71 — 
Oat hay _ 7.85 
Mixed grass hay _ 4.20 
Corn silage _ 9.25 
Concentrate grain mixture _ 1.73 
Cull beans (fed before lambing) 1.85 -- 
Cull beans (fed after lambing) 0.90 — 


Calc. content of total ration as fed 5.16 5.96 


* We are indebted to Distillation Products, Inc., Rochester, N. Y., for these tocopherol analyses. 
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On the basis of the analyses shown in table 3, the ewes in the “experi- 
mental” flock were receiving approximately 2.0 mg. of total tocopherols per 
kilogram of body weight daily, while the ewes in the “control” flock were 
receiving approximately 2.3 mg. of total tocopherols daily. It seems unlikely 
that the small difference in the total tocopherols supplied in these two ra- 
tions is sufficient to cause a large number of “stiff” lambs in the one flock and 
none in the other. Differences in the forms of tocopherols present or in their 
utilization in the two rations may account for the differences in the value 
of these two rations. 

From the results of many feed analyses Quaife (1947) has found that the 
tocopherols in legumes contain a smaller percentage of alpha tocopherol 
than non-legumes. Since only alpha-tocopherol is of high value in preventing 
muscle dystrophy (Baxter et al., 1943; Joffe and Harris, 1943; Harris et al., 
1944; Hove and Harris, 1947; Weisher et al., 1945) it appears likely that the 
ration fed to the “Control” flock was higher in alpha-tocopherol than the 
ration fed to the “Experimental” flock. 

Practical experience of New York farmers has indicated that when grass 
hays were fed in combination with cull beans the incidence of “stiff” lambs 
was less than when legume hays were fed. An experiment was therefore 
conducted during 1947-48 to determine whether a ration of cull beans and 
grass hay would result in as high an incidence of stiff lambs as a ration of 
cull beans and alfalfa hay and cull beans and mixed legume and grass hay. 


1947-48 Experiment 


Fifty-seven ewes were divided into 3 comparable groups. Group one 
received alfalfa hay and cull beans, group 2 received mixed legume and grass 
hay and cull beans, while group 3 received non-legume hay and cull beans. 
The alfalfa hay and the mixed grass hay were of good quality, while the 
mixed clover hay was of only medium quality. These rations were fed until 
the ewes were turned to pasture in May, 1948. Blood samples were taken 
from 8 ewes in each group approximately 2 weeks before lambing. 

Table 4 shows the tocopherol content of the plasma of the ewes, number 
of lambs raised to 3 weeks of age in each group and the number that became 
stiff or showed muscular lesions upon autopsy. The results indicate that 
there was a higher incidence of “stiff” lambs when the ewes were fed cull 
beans and alfalfa or mixed hays than on beans and grass hay, thus supporting 
the observations of Quaife (1947) that legumes are low in alpha tocopherol. 
It should be pointed out in this connection, that the occurrence of stiffness 
is almost entirely limited to thrifty, rapidly growing lambs (Willman et al., 
1940). Lambs from the grass hay ration gained less weight, as an average, 
than those on the other treatments and it is possible that this difference in 
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the growth rate may be related to the differing incidence of “stiff lambs” 
on the hays studied. But, until satisfactory methods are available for deter- 
mining the various forms of tocopherols in feedstuffs, this problem cannot 
be finally solved. It is clear that the use of grass hay did not entirely prevent 
the trouble. 

It is possible to estimate, within limits, the tocopherol requirements of 
the suckling lamb. Willman (unpublished data), Bonsna (1944) and Wallace 
(1944) have found that a ewe, on the average, produces approximately 70 
to go pounds.of milk during the first 5 weeks after parturition. It has also 
been found that the colostrum of the ewe contains on the average 9 times 
as much total tocopherol per unit of volume as milk, but that this value 
rapidly falls to normal levels a few days after parturition (Whiting et al., 
1949). Using these data it can be calculated that the lambs from the “ex- 
perimental” ewes received approximately 0.23 mg. of total tocopherols per 


TABLE 4. THE INFLUENCE OF TYPE OF HAY UPON THE 
INCIDENCE OF MUSCULAR DYSTROPHY IN LAMBS 








Lambs reared to 3 weeks of age 





Tocopherol 
Hay fed content of Dystrophic lambs 
ewe's plasma Number 





Number Percent 





ug/100 ml. 
Alfalfa 83 24 8 33.3 
Mixed alfalfa, clover, timothy and grass 63 23 10 43-5 
Mixed grasses 73 19 3 15.8 





kilogram of body weight daily, while those from the “control” ewes re- 
ceived approximately 0.37 mg. per kilogram of body weight. The average 
daily minimum requirements probably lie between these two values. Epp- 
stein and Morgulis (1941) found that the requirements of d, l-alpha tocoph- 
erol acetate (calculated as free tocopherol) for the rabbit as determined by 
the cure of muscle dystrophy was probably about 0.32 mg. per kg. of body 
weight. Earlier studies at this Station showed that 25 to 50 mg. of alpha to- 
copherol was an effective curative dose for a 10 kg. lamb, unless the muscle 
dystrophy was very severe before treatment was begun. Hove and Harris 
(1947) found that the minimum curative dose of d, alpha tocopherol for 
muscle dystrophy in rabbits was 1.1 mg. per kg. of body weight, and of 
synthetic d, l-alpha tocopherol 1.4 mg. 


Summary 


Further studies of tocopherol (vitamin E) deficiency among sheep fed 
a ration of cull beans (red kidney) and alfalfa, mixed or grass hay are reported. 


























TE... 











TocopHEeroL DericigeNcy OF SHEEP ON NATURAL FEEDS 241 


It is shown that the low level of total tocopherols in the milk of the ewes 
fed the ration of alfalfa and beans is the cause of the muscle dystrophy ok- 
served among the lambs. The condition was cured by administering tocoph- 
erols to the lambs as judged by the fall in creatinuria and the disappearance 
of the stiffness, but it was not prevented by prepartum supplementation 
with tocopherols. 

Data are presented on the total tocopherol content of the blood plasma, 
colostrum and milk of ewes that produced normal and dystrophic lambs, 
on the blood plasma of “normal” and “stiff” lambs, and on the feeds fed to 
the ewes. 

The incidence of “stiff lambs” was greater when alfalfa or mixed hay was 
fed than with non-legume hay. but feeding grass hay did not entirely pre- 
vent the deficiency. 
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THE INFLUENCE OF THIOURACIL, PROPYLTHIOURACIL 
AND THYROPROTEIN ON THE GROWTH AND 
FATTENING OF LAMBS! 


E. R. Barrick, W. M. Begson, F. N. ANpREws AND CLAupe Harper 
Purdue University Agricultural Experiment Station 


HE effectiveness of thiouracil and related compounds in inhibiting the 

action of the thyroid gland has been established in the human and in 
many other species. The possible use of these compounds to alter the growth 
rate, fattening efficiency and market quality of animals because of thyroid 
alteration has been investigated with several species. Much of the early 
work with these materials was done with the rat. The administration of 
thiouracil to growing rats has been shown to retard growth by numerous 
workers: Hughes 1944; Gordon, Goldsmith and Charipper (1946), and 
Williams, Weinglass, Bissell and Peters (1944). 

Astwood, Bissell and Hughes (1944) reported that 0.5 percent thiouracil 
in the ration of young chicks greatly retarded growth and development al- 
though o.1 percent thiouracil in the ration did not impair growth. Kempster 
and Turner (1945) reported that thiouracil fed to ten week old New Hamp- 
shire broilers for a 16 day period did not retard growth. However, when 
the same level of thiouracil was fed for 36 days, growth rate was depressed 
and feed requirements per pound of gain were increased but market quality 
was improved. Andrews and Schnetzler (1946) reported that growth of 
Barred Plymouth Rock Chickens was retarded when thiouracil was added to 
a standard broiler ration at levels of 0.025, 0.05, 0.10 and 0.20 percent of the 
ration fed between the 6th and 14th weeks. Market grade and fat deposition 
were significantly improved by thiouracil and the efficiency of feed utiliza- 
tion was greater when adjusted for gain. Glazner and Jull (1946) reported 
that thiouracil at 0.1 and 0.2 percent levels inhibited growth and feed con- 
sumption of chicks throughout a ten week period. 

Beeson, Andrews and Brown (1947) fed thiouracil to yearling Hereford 
steers at the rate of 2.0 gm., 4.0 gm. and 6.0 gm. per steer daily and reported 
that the rate of gain appeared to be slightly increased in the groups receiving 
2.0 and 4.0 gm. of thiouracil per day. Dressing percentage and degree of 
finish were not significantly affected by thiouracil but there was a tendency 
for improvement of both of these characteristics. 

Muhrer and Hogan (1945) pair fed four groups of swine and limited the 
feed intake of the control animals to that of the pigs which received the same 
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ration plus thiouracil. The animals which received thiouracil gained more 
rapidly than did the controls but the controls would have consumed more 
food on ad libitum feeding. The growth rate of both the thiouracil and con- 
trol groups was less than is usually expected in normal swine. McMillen, 
Reineke, Bratzler, and Francis (1947) reported that barrows fed a ration 
containing 0.1 percent thiouracil for 31 days made slightly less daily gain 
but required less feed per unit of gain. Vander Noot, Reece and Skelley 
(1947) reported that hogs fed a ration containing 0.25 per cent thiouracil 
consumed 27.5 percent less feed per 100-pounds of gain than did hogs fed 
the same ration containing no thiouracil. The thiouracil fed hogs also gained 
more rapidly. 

Feeding thiouracil at a level of 0.1 percent of the diet to pigs averaging 
53 pounds markedly retarded growth, reduced feed intake and caused the 
pigs to become very short and chuffy, sluggish and to develop severe myxe- 
dema (Beeson, Andrews, Witz and Perry, 1947). Muhrer, Warmer, Palmer 
and Hogan (1947) reported that in a 28 day feeding period pigs receiving 0.1 
percent thiouracil required 24.4 percent less feed per unit of gain than did 
controls. However, the thiouracil fed pigs contained about 3 percent more 
water and 3 percent less fat than did the controls. 

Willman, Loosli and Klosterman (1946) reported that 124 pound hogs fed 
a basal ration containing 0.1 percent thiouracil gained only about one half 
as fast as similar animals fed the basal ration without thiouracil. Pigs fed a 
ration containing 0.2 percent thiouracil failed to gain and the thiouracil 
had to be discontinued. 

Growth rate of 150 pound swine was seriously depressed by 0.25 percent 
thiouracil in the ration for a 51 day period in an experiment reported by 
Acevedo, Schweigert, Pearson and Dahlberg (1948). The feed intake and feed 
efficiency was also lower for the animals fed thiouracil. 

In a previous investigation at this station (Andrews, Beeson, Barrick and 
Harper 1947), thiouracil fed to lambs at the rate of 0.18 gm. 0.33 gm. and 
0.54 gm. per lamb per day had no significant effect on total gain in weight, 
although rate of gain was slightly less in all lots receiving thiouracil. When 
thiouracil was fed at the rate of 1.15 gm. per lamb daily, feed consumption 
was reduced and the gain was significantly decreased. There were no differ- 
ences in total feed consumption per pound of gain with thiouracil intakes of 
0.18 gm. and 0.33 gm. per lamb daily but there was a tendency for the amount 
of feed required per pound of gain to increase as the level of thiouracil in- 
creased. Carcass quality was improved in the lots receiving 0.18 gm. and 
0.33 gm. of thiouracil. The thyroid glands from lambs receiving thiouracil 
at all levels were significantly heavier than those of the control animals, 
and showed the microscopic changes which are generally attributable to 
thiouracil. 
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This report covers two additional feeding experiments with lambs to 
study the effects of thiouracil, propylthiouracil and thyroprotein on growth 
rate, efficiency of feed utilization and market quality. 


Experimental 


Two winter feeding experiments were conducted. Texas feeder lambs 
were used during the winter of 1946-47 and Northwest feeder lambs during 
the winter of 1947-48. Rambouillet breeding predominated in the lambs 
used both years. The starting and finishing weights were approximately 70 
and 100 pounds respectively..The animals were allotted on the basis of 
size, type and sex into 16 lots. They were weighed individually at the be- 
ginning and close of the experiments and at three week intervals during the 
experiments. At the time of slaughter the dressed weights and caracss 
grades were obtained. The thyroids were removed at random from 3 or 
more of the lambs on each treatment, gross thyroid weights were obtained 
and tissues were prepared for microscopic examination. 

In the 1946-47 experiment (experiment II) thiouracil and propy!lthiouracil? 
were used. Data on the effectiveness of propylthiouracil with humans and 
with rats indicated it was about 10 times as potent as thiouracil. The dosage 
for lambs was calculated on this basis. Since the 1945-46 experiment showed 
that 0.18 gm. and 0.33 gm. of thiouracil per lamb daily were effective in in- 
hibiting the action of the thyroid gland without limiting feed consumption 
and rate of gain, these levels were used as a guide. The treatments consisted 
of the following: I, Control; II, 0.21 gm. of thiouracil; III, 0.39 gm. of thiou- 
racil; and IV, 0.03 gm. of propylythiouracil per lamb daily. Four lots of 10 
lambs each received each treatment. The basal ration fed to all lots consisted 
of the following; a pelleted concentrate containing 86.5 percent ground No. 
2 yellow corn, 12.5 percent expeller process soybean oil meal, and 1 percent 
plain salt; mixed hay consisting of approximately 50 percent red clover and 
50 percent mixed grasses; and loose plain salt. The drugs were incorporated 
in the pellets. 

Some difficulty was experienced in the 1946-47 experiment in getting what 
was considered a desirable concentrate intake. This was reflected in the rate 
of gain. At the end of 60 days an attempt was made to increase the grain 
consumption by limiting the roughage intake. The roughage was gradually 
reduced from approximately 2 pounds per head per day to 1.4 pounds per 
day and an attempt made to gradually increase the grain to obtain an aver- 
age intake of 1.5 pounds per head daily. Between March 6 and March 24, 
starting one week after reducing the hay intake, eleven lambs died. Entero- 
toxemia was given as the probable cause of death on post mortem examina- 





2 The authors express their appreciation to Dr. K. K. Chen and the Lilly Research Laboratories for the thiouracil 
and propylthiouracil. 








246 E.R. Barrick, W. M. Besson, F. N. ANDREws AND C. HARPER 


tion. The losses were quite generally distributed among the different treat- 
ments. 

In the 1947-48 experiment (experiment III) thiouracil was again used with 
the intake increased somewhat for one treatment over that used in experi- 
ment II. Two levels of thyroprotein* were used on limited numbers of ani- 
mals. The treatments were as follows: I, Control; II 0.42 gm. of thiouracil; 
III, 0.63 gm. of thiouracil; IV 0.52 gm. of thyroprotein and V, 1.04 gm. of 
thyroprotein per lamb daily. Sixteen lots of 12 lambs each were used. In 
treatments I, II and III four lots were used for each treatment and two lots 
received each of treatments IV and V. 

The concentrate and method of incorporating the drugs were the same 
as in the previous experiment except that the soybean meal was omitted 
from the pellets the last 60 days of the feeding trial as the rations were too 
laxative when the lambs were approaching full feed. 

In addition to the different drug treatments, the experiment was designed 
to compare the effects of alfalfa vs. clover hay and iodized vs. plain salt in 
the different treatments. One half of the lambs on each treatment received 
alfalfa hay and one half received red clover hay. One half the lambs on each 
treatment and one half of those receiving each kind of hay received iodized 
salt and the other half received plain salt. 

Since it was desirable to know something of the relation of time to the 
effects of the treatments on the thyroid glands, some animals were slaughtered 
at three different periods during the experiment. One lamb from each of the 
sixteen lots was slaughtered at the completion of 42 days on experiment, five 
from each lot were slaughtered at the completion of 84 days and the re- 
mainder were slaughtered at 126 days. Carcass data was obtained on all 
the animals except those slaughtered at 42 days. 


Results and Discussion 


Experiment I], Winter 1946-47 


It required 115 days for the Jambs in this experiment to reach a desirable 
market weight. The data on weight gains, feed consumption and feed eff 
ciency are summarized in table 1. The gains were not noticeably affected by 
0.21 gm. of thiouracil or 0.03 gm. of propylthiouracil per lamb daily while the 
gain for the lambs receiving 0.39 gm. of thiouracil was only slightly de- 
pressed. The differences in gain were not large enough nor uniform enough 
for the four replications to be significant. It will also be noted from table 1 
that the average daily concentrate consumption was less for the lambs getting 
the high level of thiouracil than for the other treatments. It was not possible 


3 The authors express their appreciation to Dr. W. R. Graham and the Cerophyl Laboratories for the thyroprotein 
used. 
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to maintain consumption of the concentrate at as high a level for these lambs 
as for the other treatments. This was believed to be due to the lowered 
palatability of the pellets with the larger amount of thiouracil. The data on 
feed efficiency show approximately the same amount of feed required per 


TABLE 1. EFFECT OF THIOURACIL AND PROPYLTHIOURACIL ON THE 
GROWTH RATE, FEED CONSUMPTION AND FEED EFFICIENCY OF 
LAMBS.* EXPERIMENT II, 1946-47 (FEEDING PERIOD, 115 DAYS) 





























| Il, Ill, IV, 
Treatment No. Basal 
and ration + Basal 4 Basal +0.03 gm. 
Items Basal a oe er propyl- 
thiouracil thiouracil : : 
compared dail dail thiouracil 
2 y y daily 
Number of lambs 37 36 37 39 
Growth Rate 
Av. initial wt., lb. 67.22 67.25 67.25 67.25 
Av. final wt., lb. 97.50 98.08 95.07 98.04 
Gain per lamb, lb. 30.28 30.83 27.82 30.79 
Daily gain per lamb, lb.* 0.26 0.27 0.24 0.27 
Daily Feed Consumption Per Lamb 
Pellets, Ib. 1.23 1.23 1.17 1.23 
Mixed hay, Ib. 1.99 2.00 2.02 2.07 
Salt, lb. 0.020 0.021 0.021 0.020 
Thiouracil, gm. _ 0.206 0.391 — 
Propylthiouracil, gm. _ _ - 0.031 
Total, lb. 3.24 3.95 3.31 3.32 
Feed Per Pound of Gain 
Pellets, lb. 4.67 4.59 4.82 4.61 
Mixed hay, lb. 7.55 7.47 8.33 7.72 
Salt, Ib. 0.08 0.07 0.088 0.075 
Total, lb. 12.30 12.14 13.24 12.40 





* Differences not statistically significant. 


pound of gain for all treatments except the one providing 0.39 gm. of thiou- 
racil which was only slightly less efficient. 

The carcass yields and carcass grades were not significantly affected by 
the different treatments as shown by the data in table 2. This is in contrast 
to the experiment previously reported (Andrews et al. 1947) which showed 
an improvement in carcass quality in lambs treated with 0.18 and 0.33 gm. 
of thiouracil per lamb daily. 
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The thyroids from the lambs treated with thiouracil in this experiment 
were not enlarged and failed to show the microscopic evidences of stimula- 
tion observed in the previous experiment. Data on the gross thyroid weights 
and thyroid histology are being presented in another paper. 


Experiment III. Winter 1947-48 


The length of the feeding period was not the same for all the animals in 
this experiment as the animals were slaughtered at three different periods 
during the progress of the experiment to observe possible progressive changes 
in the thyroid gland. One animal from each lot (4 animals from each of treat- 

TABLE 2. EFFECT OF THIOURACIL AND PROPYLTHIOURACIL ON 


CARCASS YIELD AND CARCASS GRADES OF LAMBS. 
EXPERIMENT II, 1946-47 























if II, Ill, IV, 
Treatment number Basal Basal Basal 
and ration Basal +0.21 gm. +0.39 gm. +0.03 gm. 
Items thiouracil thiouracil _ propylthiouracil 
compared daily daily daily 
Number of animals 37 36 37 39 
Yield, in percent* 43.24 43.02 44.00 42.80 
Carcass grades, percents in 
each grade 
choice 2.7 ..* 5.4 ‘2 
good 73.0 61.1 73.0 61. 
commercial 24.3 30.6 18.9 $3.3 
utility 2.8 2.7 





* Differences not statistically significant. 


ments I, II and III and 2 animals from each of treatments IV and V) were 
on experiment 42 days, five animals from each lot were on experiment 84 
days and the remainder or six animals from each lot were on experiment 126 
days. There were some exceptions to this as a result of death losses. A total 
of 6 animals died of enterotoxemia. One ewe lamb in the experiment lambed 
during the latter part of the feeding period and was removed from the ex- 
periment. 

In this trial, as in the previous one, thiouracil did not significantly affect 
the rate or efficiency of gain (table 3). The animals receiving 0.63 gm. of 
thiouracil per lamb daily tended to consume less concentrate than the animals 
on the other treatments. The animals getting 0.42 gm. of thiouracil daily 
consumed about the same amount of concentrate as the controls when they 
were on full feed. 
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The consumption of concentrate was stimulated slightly in the lots re- 
ceiving thyroprotein. However, when these lambs reached a point where 
they were consuming all the concentrate they would clean up in a reasonable 
time some difficulty was experienced with them dropping off on their feed 
for a few days. 

TABLE 3. EFFECT OF THIOURACIL AND THYROPROTEIN ON THE 
GROWTH RATE, FEED CONSUMPTION AND FEED EFFICIENCY 


OF LAMBS.* EXPERIMENT III, 1947-1948 (FEEDING 
PERIODS 42, 84 AND 126 DAYS) 














































Treatment No. a, Il, Ill, IV, Vv, 
and ration Basal Basal Basal Basal 
+0.42 gm. +0.63 gm. +0.§2 gm. +1.04 gm. 
Basal : ‘ ‘ : 
Items thiouracil thiouracil thyroprotein _ thyroprotein 
compared daily daily daily daily 
Number of lambs 46 48 44 23 24 
Growth Rate 
Av. initial wt., Ib. 75.48 75.38 715.75 75.09 15.42 
Av. final wt., Ib. 105.33 104.19 104.27 105.65 104.67 
Gain per lamb, Ib. 29.85 28.81 28.52 30.56 29.25 
Daily gain per lamb, Ib.* 0.29 0.28 0.28 0.30 0.29 
Daily Feed Consumption 
Pellets, Ib. 1.40 1.38 1.30 4ite 1.44 
Legume hay, Ib. 1.61 1.§7 1.59 1.54 1.59 
Salt, Ib. 0.022 0.023 0.025 0.014 0.019 
Thiouracil, gm. — 0.422 0.633 — 
Thyroprotein, gm. oa _ _ 0.§21 1.043 
Total, Ib. 3.032 2.973 2.915 2.904 3.049 
Feed per Pound Gain 
Pellets, Ib. 4-79 4.85 4.62 4.81 4-99 
Legume hay, Ib. 5.51 5.54 5.64 5.14 5.52 
Salt, Ib. 0.076 0.081 0.089 0.046 0.066 
Total, Ib. 10.376 10.471 10.349 9.996 10.576 





* Differences not statistically significant. 


The lambs receiving 0.52 gm. and 1.04 gm. of thyroprotein daily made 
approximately the same total gain as the control lambs. There were no sig- 
nificant differences in feed efficiency for any of the treatments. It will be 
noted in table 3 that free choice salt consumption was less for the thyropro- 
tein treated lambs than for the controls and thiouracil treated lambs. 

The lambs receiving alfalfa hay made an average gain for the feeding period 
of 28.70 pounds in comparison with 29.86 pounds for those receiving clover 
hay. The feed consumption was also slightly higher on the clover fed lambs 
and less difficulty was experienced with them going off feed. 








250 E.R. Barrick, W. M. Begson, F. N. ANpRews AND C. Harper 


The lambs receiving plain salt made an average gain for the feeding period 
of 29.61 pounds and those receiving iodized salt gained 28.95 pounds. 

The carcass yields and percent of carcasses in each grade are shown in 
table 4. There were no marked differences in either the yields or carcass 
quality of the different groups. The control lambs had a few more choice 
carcasses. The official grader stated that this was due more to conformation 


TABLE 4. EFFECT OF THIOURACIL AND THYROPROTEIN ON CARCASS 
YIELD AND CARCASS GRADES OF LAMBS, EXPERIMENT III, 1947-48 








4 Treatment number I, Il, Ill, IV, Vv 


\ 











and ration Basal Basal Basal Basal 
Basal +0.42 gm. +0.63 gm. +0.52 gm. +7.04 gm. 
Items thiouracil thiouracil thyroprotein _ thyroprotein 
compared < daily daily daily daily 
Number of animals 42 44 40 21 22 
Yield, in percent* 49-37 49.27 48.99 48.72 48.82 





Carcass grades, percent 
in each grade 


Choice 4.3 2.3 5.0 4.8 9.1 
Good 61.9 79.5 75.0 71.4 73.7 
Commercial 23.8 18.2 20.0 23.8 18.2 





* Differences not statistically significant. 


than to finish. Very few of the carcasses were of suitable conformation to 
receive a choice grade. 

As in Experiment II the gross thyroid weights and thyroid histology did 
not show evidences of thiouracil administration. This was true for the three 
different periods at which the thyroids were examined. The thyroids of the 
thyroprotein fed lambs were distinctly different than the other groups. The 
follicular epithelial cells were of the very low cuboidal type and the glands 
appeared to be in a resting state. 


Discussion 


Thiouracil at levels of 0.21 gm., 0.39 gm., 0.42 gm. and 0.63 gm. per lamb 
daily (0.014 to 0.048 percent of the rations) did not significantly affect growth 
rate, feed efficiency, carcass yield or carcass quality. The thyroid glands of 
the thiouracil or propylthiouracil treated animals failed to show marked 
evidences of stimulation. This is in contrast to the work previously reported 
(Andrews et al., 1947) in which thiouracil levels of 0.18 gm. and 0.33 gm. 
per lamb daily caused marked changes in the thyroid gland and some increase 
in fat deposition as indicated by the carcass grades. 
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Thiouracil tended to reduce consumption of the feed with which it was 
incorporated. An average of 0.33 gm. of thiouracil per pound of concentrate 
for the 1946-47 feeding period resulted in slightly decreased consumption 
of the pelleted concentrate. In the 1947-48 experiment concentrate consump- 
tion was depressed by an average of 0.48 gm. of thiouracil per pound of feed. 

Depression of feed consumption with the sheep in these experiments were 
believed to be due to lessened palatability and is in agreement with data 
reported for other species: Leathern (1945), and (1946) with rats; Glazner 
and Jull (1946) with chickens; Muhrer and Hogan (1945); Beeson, Andrews, 
Witz and Perry (1947); and Acevedo, Schweigert, Pearson and Dahlberg 
(1948) with swine. 

Investigations reported with most species show that thiouracil and related 
substances retard growth rate. However, Muhrer and Hogan (1945) using 
paired feeding and Vander Noot, Reece and Skelley (1947) with group feed- 
ing of swine reported that thiouracil increased the rate of gain of hogs. The 
growth rate of the control swine in the latter mentioned experiment was 
definitely subnormal. 

The extent of growth retardation is related to age of the animals during 
treatment, the level of drug administration and length of time it is adminis- 
tered. Williams, Weinglass, Bissell and Peters (1944) reported that thiouracil 
fed to rats in relatively large amounts (0.25 percent solution in the form of salt 
in the drinking water) for intervals of from 5 to go days caused a distinct re- 
tardation in growth, the effect becoming apparent within 10 days. Astwood, 
Bissell and Hughes (1944) found that 0.1 percent thiouracil fed in the ration 
of chicks for 10 weeks beginning within a few days after hatching did not 
impair growth although thyroid weight was greatly increased. When the 
level of thiouracil was raised to 0.5 percent growth and development were 
greatly retarded. Kempster and Turner (1945) fed a ration containing 0.2 
percent thiouracil to ten week old New Hampshire chicks for a 16 day period 
and found that growth was not reduced. When thiouracil was fed at the 
same level for 36 days, growth rate was depressed and feed requirements 
per pound of gain were increased. Andrews and Schnetzler (1946) reported 
that growth of Barred Plymouth Rock chickens was retarded when thiouracil 
was added to a standard broiler ration at levels of 0.025, 0.05, 0.10 and 0.20 
percent of the ration fed between the 6th and 14th weeks. 

The initial investigation with lambs at this station (Andrews et al., 1947) 
showed that growth rate was not significantly retarded by thiouracil in- 
takes of 0.012 to 0.037 per cent of the ration but was significantly retarded 
by a thiouracil intake of 0.08 percent of the ration for a period of 84 days. The 
levels of thiouracil reported in this paper (0.014 to 0.048 percentof the ration) 
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were not high enough to retard growth rate. Growth retardation as a result 
of restricting the normal secretion of the thyroid gland is closely associated 
with age in most species, more depression of growth being shown with very 
young animals than with partially grown animals. 

Increased feed efficiency of animals fed thiouracil, as measured by the 
pounds of feed required per pound increases in weight, has been reported 
with hogs by Muhrer and Hogan (1945); Vander Noot, Reece and Skelley 
(1947); McMillen, Reineke, Bratzler and Francis (1947) and Muhrer, War- 
ner, Palmer and Hogan (1947). On the other hand, Willman, Loosli and 
Klosterman (1946), Beeson, Andrews, Witz and Perry (1947) and Acevedo, 
Schweigert, Pearson and Dahlberg reported decreased feed efficiency of hogs 
fed thiouracil. 

Glazener and Jull (1946) reported decreased feed efficiency as a result of 
feeding 0.1 and 0.2 percent thiouracil to chicks while Andrews and Schnetz- 
ler (1946) found there was no significant difference in the pounds of feed re- 
quired per pound of gain for chickens receiving 0.05 or 0.10 percent thioura- 
cil and control birds. 

The true feed efficiency is not accurately expressed by comparing the 
pounds of feed required per pound of gain by thiouracil treated and control 
animals. The retardation of bone and muscle growth and decreased metabolic 
rate produced in some species by the administration of thiouracil may result 
in a larger portion of the energy intake being converted into fat. Since the 
fattening process represents a concentration of energy, the total caloric 
value of the tissues responsible for the weight increase would give a more 
accurate picture of feed efficiency. Andrews and Bohren (1947) reported 
that when the average gain per 100 gm. of feed was calculated and compo- 
sition of the gain disregarded there was no significant difference in the feed 
efficiency of cockerals fed 0.2 per cent thiouracil and control birds. However, 
when caloric composition of the gains was used as a basis, the birds which 
received thiouracil were approximately 79 percent more efficient in the con- 
version of feed energy to edible energy than the controls. 

Market grades of the carcasses of meat animals are an indication of the 
amount of finish or fat on the carcass. Kempster and Turner (1945), Andrews 
and Schnetzler (1946) and Andrews and Bohren (1947) reported improved 
market grades in chickens fed thiouracil. Improved market grades were re- 
ported in lambs fed 0.18 and 0.33 gms. of thiouracil per lamb daily (Andrews 
et al., 1947). 

Muhrer, Warner, Palmer and Hogan (1947) reported that carcasses of 
thiouracil fed pigs actually contained 3 percent less fat and 3 percent more 
water than did controls even though the appearance of the live animals indi- 
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cated that the thiouracil fed pigs contained the larger percentage of fat. 

Thiouracil fed lambs in the experiments reported here failed to show any 
improvement in carcass grade over the control animals. The carcass quality 
of beef steers was not improved by thiouracil treatment (Beeson, Andrews 
and Brown, 1947). 

The levels of thiouracil administered in these experiments did not cause 
significant differences in rate of gain, feed efficiency, carcass yield or carcass 
quality. The thyroid glands of the animals failed to show the marked evi- 
dence of stimulation obtained in a previous experiment with similar levels 
of thiouracil. It must be concluded that there is a marked variation in the 
response of sheep to thiouracil. 

Several explanations for the differences have been considered. It is possible 
though not probable, that the thiouracil used in the first experiment (An- 
drews et al., 1947) was more goitrogenic than that subsequently used. It is 
likewise possible that the condition of the thyroid glands of the sheep used 
in the different years was dissimilar during the pre-experimental period. If 
the iodine intake of the lambs was different during gestation and the post- 
natal period it is possible that this might affect their subsequent response to 
goitrogens. There were no histological evidences of iodine deficiency in the 
control lambs of the first experiment at the time of slaughter but six sheep 
which were retained and killed four months later showed some evidence of 
thyroid hypertrophy. The use of plain and iodized salt in the 1947-48 ex- 
periments produced no differences in response to thiouracil treatment. Age, 
breeding and environmental conditions have been considered in an attempt 
to explain the differences obtained but no satisfactory explanation has been 
forthcoming. 

Samples of the thiouracil used in experiment II were checked chemically by 
manufacturer and were reported to have the original potency. 

It appears that the levels of thiouracil and propylthiouracil used in the ex- 
periments reported here were not high enough to inhibit the action of the 
thyroid gland. Since the higher levels used tended to limit feed consumption, 
it is likely that feed containing sufficient thiouracil to inhibit the thyroid 
gland would be very unpalatable and would not be consumed in sufficient 
amounts for normal gains. 

From the large number of drugs now available which tend to inhibit the 
action of the thyroid gland it might be possible to select a compound which 
is effective in sheep without lowering the palatability of the feed. Propyl- 
thiouracil at the low levels used in these experiments was not effective and 
it also imparts a bitter taste to the feed. 

The fact that thyroprotein at the two different levels used did not affect 
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the rate or efficiency of gain of lambs as compared to thiouracil treated and 
control lambs indicates that the thyroid hormone does not have a marked 
effect on the growth of sheep at the age and stage of maturity of these feeder 
lambs. 


Summary and Conclusions 


Thiouracil administered in the feed at the rate of 0.21 gm. and 0.39 gm. 
per lamb daily for the fattening period during the winter of 1946-47 and at 
the rate of 0.42 and 0.63 gm. per lamb daily during the winter of 1947-48 
had no significant effect on total gain, feed efficiency, carcass yield or carcass 
grade. 

Propylthiouracil administered in the feed at the rate of 0.03 gm. per lamb 
daily for the fattening period during the winter of 1946-47 had no signifi- 
cant effect on total gain, feed efficiency, carcass yield or carcass quality. 

Thyroprotein administered in the feed at the rate of 0.52 and 1.04 gm. 
per lamb daily for the fattening period during the winter of 1947-48 had 
no significant effect on total gain, feed efficiency, carcass yield or carcass 
grade. 

Feed consumption was somewhat reduced by thiouracil intakes of 0.39 
to 0.63 gm. per lamb per day in the feed and was somewhat stimulated by 
0.52 gm. and 1.04 gm. of thyroprotein per day in the feed. 

Thyroid glands of lambs fed 0.21 to 0.63 gm. of thiouracil per day, and 
0.03 gm of propylthiouracil per day showed no more evidence of stimulation 
than those from control animals and were not increased in size. 

Thyroid glands from the lambs fed 0.52 and 1.04 gm. of thyroprotein ex- 
amined histologically were found to be in a resting state. 

Results of these experiments did not indicate any advantage in using 
thiouracil or thyroprotein in the ration for fattening western feeder lambs. 
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FINENESS AND VARIABILITY OF CORRIEDALE 
LAMB WOOL! 


Eucene BerToNE AND NELLIE LANDBLOM? 
Colorado Agricultural Experiment Station 


INCE the wool grade requirement for the American Corriedale sheep as 
defined by Hultz (1940) is a three-eighths blood fleece (56's spinning 
count) the selection of lambs in the replacement flock for wool of that quality 
assumes some importance. Fitness and uniformity have long been recognized 
as among the important factors in fleece evaluation, for both breeding and 
commercial criteria. 

Many workers have concerned themselves with the development of tech- 
niques and devices for measuring fineness and variability in wool. Barker 
(1931) described the work of early investigators in this field. During the past 
twenty-five years, Hill (1922), Burns (1925), Duerden and Bosman (1926), 
Roberts (1927), von Bergen (1932, 1935, 1936), Schwarz (1934), Hardy (1935), 
Hardy and Wolf (1939), Granstaff (1940), Phillips et al. (1940), Pohle (1940), 
and Wollner et al. (1944) have contributed to the literature dealing with the 
methods of measuring fiber fineness. 

Gorman (1931) measured composite samples of Corriedale wool with a 
machinist’s micrometer caliper and reported a mean thickness value of 
.0909§2 inch for the fibers measured. 

Ensminger (1942) working with Shropshire and Southdown sheep, con- 
cluded from his studies that “there appears to be an inherent gradient in 
fiber diameter from the fore to the rear part of the body, and downward to 
the belly.” Bertone (1945) measured the wool from the shoulder, side, and 
thigh positions of nine Corriedale ewe lambs, and found variations from 70's 
quality on the shoulder position of three of the lambs to 56's quality on the 
thigh position of one lamb. 

At the request of the owners of a Corriedale breeding establishment in 
Colorado, the study described in this paper was begun in the fall of 1942, 
and continued until 1946. Five crops of lambs were available for study. The 
objectives of the study were set up as follows: (1) To determine the fineness 
and variability of wool from three individual positions on each lamb sampled. 
(2) To determine the effect of sex one fineness of wool from lambs sampled. 


Materials and Methods 


All lambs sampled in this experiment were the property of a breeder of 
registered Corriedale sheep in Colorado. All samples were taken in the fall 
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2 Wool Technologist and Research Statistician, respectively, Colorado A & M College. 





— 


Ee sens 















ne 


PE ns 














CorrieDALe LAMB Woot 257 


of the year at the ranch, and all lambs from the small registered breeding 
flock were sampled. Two hundred seventy-two lambs were studied over a 
period of five years. 

At the time of sampling, the lambs (born in the spring) were from four to 
eleven months of age. A small lock of wool was cut at the skin line from the 
shoulder, side, and upper thigh of each lamb. Each lock of wool was carefully, 
scoured, rinsed, and dried, preparatory to cross-sectioning. Each lock was 
cross-sectioned half way between the base and tip of the staple using the 
method described by Hardy in 1935. 

The count method described by Hardy and Wolf (1939) was used in this 
study to estimate the fineness and variability of the wool from each of the 
three positions on each lamb. Phillips et al. (1940) found that the Hardy- 
Wolf count method of estimating fiber fineness had an accuracy coefhicient 
correlation of .98 as compared to the accuracy of the method of fineness de- 
termination which calls for the actual measurement of each fiber in the 
sample. 


Experimental Results 


In each of the five years of the study, a definite gradient in mean diameter 
of wool from the shoulder to the upper thigh was discernible in both the 
ewes and rams (table 1). In all years, with the exception of 1943, the ewe 
lambs produced coarser wool (mean of three positions) than did the ram 
lambs. The difference in mean fiber diameter between the sexes was less 
than one micron for any one year of the study. For the entire five years, the 
wool from the ewes showed a mean diameter of 26.62 microns and the wool 
from the rams showed a mean diameter of 26.28 microns. 

In 1946, both ewe and ram lambs produced the coarsest wool when com- 
pared with the wool of the four previous clips. This coarsening of the 1946 
clip was attributed to the use in 1945 of an imported Australian ram whose 
fleece graded a low 56's spinning count. 

Measurements of wool from each position on each lamb were analyzed 
for variability. The standard deviation from the mean diameter was arrived 
at by empirical means described by Hardy and Wolf (1939). A larger stand- 
ard deviation from the mean was demonstrated for upper thigh wool as 
compared with shoulder and side wool for both ewes and rams (table 2). 
The 1946 wool showed greater variability than the wool of the four previous 
years. 

A compilation of the grades of wool produced by the lambs was made by 
position and for the fleece as a whole (tables 3, 4, 5, and 6). It will be noted 
that shoulder position for all lambs for the five year period yielded only 16.9 
percent of 56’s quality wool, while 25.4 percent of the shoulder wool fell into 
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the fine classification. 55.5 percent of the shoulder wool graded 58's and 60's 
qualities, and 2.2 percent were qualities coarser than 56's. 


TABLE 1. MEAN DIAMETER IN MICRONS OF WOOL FROM SHOULDER, 
SIDE, AND UPPER THIGH OF CORRIEDALE LAMBS 











Year and Number : Upper Mean for 

sex sampled Shoulder Side thigh all positions 
1942 

Ewes 42 26.17 27.00 28.74 27.30 

Rams 37 24.54 25.96 27.97 26.49 

All 79 25.41 26.51 28.36 26.77 
1943 

Ewes 35 23.76 24.65 26.83 25.08 

Rams 19 24.34 25.54 28.14 26.01 

All 54 23.96 24.96 27.29 25.41 
1944 

Ewes 23 26.02 26.64 27.83 26.83 

Rams 14 25.43 26.58 29.72 26.58 

All 37 25.79 26.62 27.79 26.73 
1945 

Ewes 32 25.14 25.74 27.28 26.05 

Rams 24 24.64 25.65 26.90 25.73 

All 56 24.92 25.70 27.11 25.91 
1946 

Ewes 30 26.33 27.57 29.80 27.90 

Rams 16 26.57 27.10 28.67 27.45 

Al 46 26.41 27.41 29.41 27.74 
All years 

Ewes 110 25.45 26.30 28.10 26.62 

Rams 162 24.93 26.07 27.84 26.28 

All 272 25.25 26.20 28.00 26.48 





Side woool for all lambs for the five year period showed 28.7 percent of 
56's quality, 13.6 percent fine, 52.2 percent 58's and 60's qualities, and 5.5 
percent qualities coarser than 56's. 

When the average of measurements for the three positions was used to 
designate the quality number for the entire fleece, it was found that only 
33-1 percent of the fleeces were of 56's quality, and 9.6 per cent of the fleeces 
fell into the fine category. 52.2 percent of the fleeces graded 58's and 60's 
qualities, while only 5.1 percent of the fleeces were qualities coarser than 
56's. 

The year 1946 produced the highest percentage of 56's quality fleeces, 
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when the ewe and ram lambs produced 60 percent and §0 percent in this 
category, respectively. The 1943 and 1945 clips showed the lowest percent- 
age of 56's quality fleeces, about one-third of the 1946 figure. 

Simple variance analyses were made of measurements of wool from the 
three positions. No significant differences could be demonstrated between 


TABLE 2. STANDARD DEVIATIONS FROM MEAN DIAMETER (MICRONS) 
FOR WOOL FIBERS FROM SHOULDER, SIDE AND 
UPPER THIGH OF CORRIEDALE LAMBS 











Year, and ? Upper Mean, all 
sex Shoulder Side thigh positions 

1942 

Ewes 4-33 4-79 5-79 4.97 

Rams 4.44 4.95 5.86 5.08 

All lambs 4.38 4.86 5.82 5.02 
1943 

Ewes 454% 4.76 5.78 5.02 

Rams 4.51 4-77 5.61 4.96 

All lambs 4-51 4.76 5.72 5.00 
1944 

Ewes 5.01 5.08 5.47 5.19 

Rams 4.80 5.44 6.33 5.52 

All lambs 4-93 5.22 5.79 5-31 
IGS 

Ewes 4:20 gy 4.88 5.42 4.84 

Rams 4-17 4:77 5.01 4.65 

All lambs 4.19 4.83 5.24 4.76 
1946 

Ewes 4-73 5.25 6.27 5.42 

Rams 5.68 5.29 6.59 5.97 

All lambs 5.06 5.27 6.38 5-57 
All years 

Ewes 4.56 4.95 5-75 5.09 

Rams 4-72 5.04 5.88 5.24 

All lambs 4.61 4-99 5-79 5.09 





the sexes for side and thigh wool. An almost significant difference was found 
between sexes for shoulder wool at the .o§ level. Using the means of the 
positions, analysis of variance showed no significant differences between the 
sexes. In addition, two complex variance analyses were run. The first one 
(table 7) showed that: (a) The wool on the three positions differed signifi- 
cantly (b) the wool of the sexes, within the positions, was not significantly 
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TABLE 7. VARIANCE ANALYSIS 





Required F for 














’ “i Sums of Mean Observed significance— 
Variance due to: of eae rae F 
freedom -_ a 
at .o5 at .o1 
Totals 815 5,438. 7954 
Between positions 2 1,061.9213 530.9606 98.625 3.00 4.62 
Within positions 813 4,376.8641 5, 3836 
Between sexes 3 25.8551 8.6184 1.604 2.61 3.80 
Within sexes (positions) 810 4,351.0090 5.3716 
Between years 24 642.0745 26.7531 5.670 1.53 1.82 
Within years (positions, 
sexes) 786 3, 708.9345 4.7187 





Standard deviation = y 4.7187 =2.172. 


TABLE 8. VARIANCE ANALYSIS 








Required F for 

















Degre ies 
E as Sums of Mean Observed significance— 
Variance due to: of ae naan F 
freedom a a 
at .05 at .o1 
Totals 815 4,438. 7854 121.8454 
Between years 4 487.3817 6.1053 19.96 2.38 4,36 
Within years 811 4,951.4037 24.2537 
Between sexes 5 121.2678 4.05 2.22 3.04 
Within sexes (years) 806 4,830,1350 5.9927 
Between positions 20 1,121.2001 56.0600 11.88 1.59 1.90 
Within positions 
(years and sexes) 786 3, 708.9349 4.7187 





Standard deviation= y 4.7187 =2.172. 


different, (c) the wool for the various years, within sexes, within positions, 
differed significantly. 

The results of the second, complex variance analysis (table 8) showed that: 
(a) The wool differed very significantly by years, (b) the difference in the 
wool of the sexes, within years, was significant, (c) the wool of the various 
positions within sexes, within years, also differed significantly. 
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Summary and Conclusions 


Two hundred seventy-two Corriedale lambs were used in this study. 
Shoulder, side, and upper thigh samples of wool from each lamb were ana- 
lyzed for fineness and variability by the Hardy-Wolf technique. 

Regardless of sex, shoulder wool from the lambs sampled was fi er than 
side and upper thigh wool. 

There was no significant difference in fineness of wool between the sexes, 
the ewe lamb wool being coarser by an average of .34 micron. 

A rather low percentage of the wool produced by the Corriedale lambs 
sampled was of the ideal Corriedale grade (56's). 

Grades of wool as high as 80's quality and as low as 46's quality were 
encountered in this study. The predominating grade of wool was half-blood 
(58's and 60’s) in all years except 1946 when 56's was the largest single grade. 

Upper thigh wool showed a greater variability than wool from the other 
two positions. Side and shoulder wool showed no significant difference in 
variability. 

The greatest variability in the entire study was found to be due predomi- 
nately to position, and to a lesser extent to year. Very little variability was 
found to be due to sex. 
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A STUDY OF THE METABOLIC ACTIVITY OF BULL SEMEN 
AND SPERMATOZOA IN RELATION TO THEIR 
FERTILIZING ABILITY! 


D. Guosn,? L. E. Casipa® and H. A. Larpy‘* 
University of Wisconsin 


HE problem of finding a reliable laboratory test for evaluating the 

quality of semen in determining male fertility is of utmost importance 
in successful application of artificial insemination in cattle breeding. A 
review of the literature shows that various attempts have been made to 
correlate fertility with one or more of the physico-chemical characteristics 
of semen, viz., volume of ejaculate, sperm count, percentage of abnormal 
sperm, motility, pH, etc. However, no single criterion has yet been found 
reliable in predicting the fertilizing potentiality of a semen sample. 

For the assessment of semen quality the emphasis laid upon one or an- 
other of the available criteria varies among the different workers. Some of the 
measurements are related to the seminal fluid rather than to the sperma- 
tozoa and others more directly related to the spermatozoa themselves, which 
no doubt are of greater importance for fertilization. However, it seems logi- 
cal that the functional or metabolic activity of the spermatozoa would be a 
better criterion for evaluation than the variation in their morphological 
characters. 

Comstock (1938) working with ram sperm found a high correlation be- 
tween variations in glycolytic power and motility. He suggested that the rate 
of glycolysis might be of value as a partial prediction of fertility of the sperm 
cells. 

Sorenson (1943) reported the dehydrogenation power of spermatozoa as 
a measure of semen fertility. He found that methylene blue decolorization 
time correlated well with direct count of motile spermatozoa. Since a direct 
correlation of motility and fertility has not been established, the methylene 
blue decolorization time cannot be considered as a reliable index of fertility. 
However, Van Demark et al. (1945) recommended a methylene blue reduc- 
tion test along with spermatozoa count and initial motility estimation for 
routine prediction of semen quality. 

In the knowledge of the present authors the only attempt that has thus 
far been made to correlate respiration rate of spermatozoa with their fer- 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, Madison. From 
the Departments of Biochemistry and Genetics. The authors gratefully acknowledge the cooperation of Dr. George 
Barrett who supervised the breeding records from which the fertility data in this paper were obtained. 

2 Government of India Research Fellow. 


3 Department of Genetics. 
4 Department of Biochemistry. 
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tility is that of Walton and Edwards (1938) who found a definite correlation 
between service per conception and respiration rate. They claimed that under 
favorable breeding conditions the bulls with the most active sperm, as 
judged by respiration, have a greater chance of producing offspring. For the 
determination of respiratory activity Walton and Edwards (1938) used 1 cc. 
of semen mixed with 1 cc. of Milovanov’s (1934) phosphate-sulphate dilutor 
with added glucose. It must be emphasized that the technique adopted by 
these authors in determining the respiration rate was, as stated by them, 
intended only to study differences between bulls rather than to obtain ab- 
solute values. It also suffered from the drawbacks that the semen samples 
were incompletely buffered and the variation in sperm density was not 
taken into consideration. The reliability of their estimates as a method of 
semen assessment may, therefore, be somewhat questionable. 

A thorough investigation of this problem under controlled conditions 
was, therefore, deemed worth while. In the present work a study has been 
made of the rate of oxygen consumption of whole semen as well as washed 
sperm in relation to the fertilizing ability of the original semen sample. Both 
whole semen and washed sperm were used in order to eliminate the influ- 
ence of metabolites in the seminal fluid and the endogenous respiration of 
the fluid itself. 


Materials and Methods 


Eight bulls, ranging in age from 5} to 103 years, and in regular service in 
the University of Wisconsin Artificial Breeding Project, were employed in 
this study which extended for a period of about 5 months during the winter 
of 1946-47. Four of these bulls, B.B., B.C., B.P., and B.B.M. were Guernseys 
and the other four, U.N., W., J., and M. were Holsteins. Rations for these 
bulls varied somewhat from time to time but did not differ from that for the 
other bulls of the station herd. Exercise was provided daily in good weather. 

Semen collections were made at ¢ to 10 day intervals. The number of 
cows inseminated from each collection varied from 1 to 23 daily. Insemina- 
tions were made on the day of collection and on the day following so that 
the maximal age of the semen in this study was 36 hours. The fertility of 
an insemination was determined® by manuai palpation of the cow by the 
method of Wisnicky and Casida (unpublished) at 34-48 days after breeding. 

Semen was collected in an artificial vagina and representative samples 
were brought to the laboratory at as near body temperature as possible. 
In each case the measurement of respiration was started within two hours 
from the time of collection. The bulk of the samples were diluted with egg 
yolk phosphate buffer and employed for insemination. The rate of respiration 
(Zo.=cmm. of O, uptake/108 cells/hour) was determined in whole semen 


5 All pregnancy diagnoses were made by Mr. Clee Lloyd. 
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as well as in washed sperm. In the latter case measurements were made both 
in the presence and absence of added glucose (0.01 M final conc.). 

The technique of washing sperm, preparation of samples and manometric 
measurements in Warburg vessels were essentially the same as described by 
Lardy and Phillips (1943), except that in all measurements micro Warburg 
vessels (7-8 cc.) were employed. The final volume of the respiring sample 
was always 1 ml. The sperm concentration was determined in all samples 
by counting in a hemacytometer.® 

Dilution of the semen samples was made in such a way that the final 
sperm concentrations in the reaction flasks were between 200-300 million 
per ml. The Zo values within this range have been shown by Lardy and 
Phillips (1941) to remain practically constant. Calcium-free Ringer-phosphate 
solution (Krebs, 1933) at pH 6.9 was used for dilution and making sperm 
suspensions for the studies. The optimum pH value for the endogenous 
respiration of ejaculated bull sperm was shown by Lardy and Phillips (1943) 
to be 6.9~7.0. Samples of washed sperm suspensions were made by centri- 
fuging the diluted semen for about 3 minutes, removing the supernatant 
fluid carefully with the help of a pipette attached to a mild suction pump, 
and then rediluting to original volume with Ringer-phosphate buffer. The 
sperm concentrations in the diluted semen and in the washed sperm sus- 
pension were thus maintained at almost equal levels for each individual 
semen sample. Possible effects of variation in population were thereby elim- 
inated as far as possible. 

The oxygen consumption was determined in duplicate for two hours and 
the mean Zo, values were calculated for both the first and second hours. The 
duplicates checked fairly well. Calculations were also made of the average 
Zo, for the two hours and the ratio of the rates for the first hour to that of the 
second. The ratio of average Zo, to percent initial motility was calculated in 
the case of diluted semen only. Correlation coefficients between each of these 
values and percentage fertility were calculated. The reasons for choosing 
these functions of respiration will be discussed later. 


Results and Discussion 


The rate of respiration was consistently low in all the samples studied 
in the investigation (table 1). Lardy and Phillips (1943), from a study of 19 
samples, obtained an average Zo, of 21.4 for endogenous respiration of 
washed bull sperm, the range being from 16.1 to 29.8. Throughout this in- 
vestigation we encountered no sample with such a high rate of respiration. 
Out of 65 samples of semen studied, the great majority showed a Zo, value 
between 3 and 10, and the highest value recorded was only 12.55. The reason 
for this consistent low rate of respiration could not be determined. Some 


6 Most of the sperm counts were made by Mr. Perry Buckner. 
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TABLE 1. FERTILITY AND RESPIRATION RATE OF SPERMATOZOA 
FROM INDIVIDUAL BULLS 
All figures in columns 6-8 represent average of individual samples. 














I 2 3 4 5 6 7 8 9 
Total Un- Ratio Ratio 
Bull Syeeems® No. of Ro. of weighted Zoo Av. Zop | Zop(tst | Av. Zo. 
samples | insemina- av. % (1st hr.) (1st- hr.) to Zoo to% 
tions fertility and hr) | (and hr.) | motility 

U.N. A 7 124 58.6 5-66 6.04 0.88 12.1 
B 5.24 5.70 0.85 
Cc 6.01 6.21 0.95 

W. A 6 84 56.7 4:33 4:55 0.87 8.7 
B 4-83 5-90 0.73 
Cc 4-66 5.76 0.67 

3. A 8 148 §1.1 5.17 5.70 0.97 19.4 
B 6.45 6.60 1.07 
Cc 7.58 6.86 1.13 

M. A 8 142 60.3 6.16 6.03 1.04 15.4 
B 5.84 5.80 1.03 
Cc 6.20 6.27 0.98 

B.C. A 6 41 50.0 4-53 4-90 0.95 10.7 
B 6.31 6.38 0.92 
Cc 7.37 7.16 1.03 

B.B. A 7 68 54.1 6.36 6.45 0.98 11.0 
B 7.62 7.55 1.04 
Cc 7.37 7.85 0.87 

B.P. A 7 13 46.1 6.17 6.67 0.93 23.0 
B 6.64 7.05 0.86 
Sc 8.15 7-77 1.13 

B.B.M. A 4 22 51.5 2.90 3.84 0.59 7.0 
B 3-07 4.37 0.54 





























* A=Diluted semen; B = washed sperm; C = washed sperm plus glucose. 


unknown factor in the environmental conditions of the experimental animals 
might have been responsible for the diminished respiratory activity. Samples 
af semen collected at a different breeding station during this same time gave 
Zo, values of from 17 to 25 in agreement with the 1943 data. Furthermore, 
spermatozoa collected from some of these same bulls during 1948 showed the 
“normal” rate of respiration. However, since the low respiration rate was 
strikingly consistent throughout this experiment, it seemed unlikely that it 
would interfere with the interpretation of our results. 

Previous observations by Lardy and Phillips (1943) indicated that the ad- 
dition of a glycolyzable substrate depressed the rateof O2 consumption. Thus 
there appeared to be a preferential utilization of the glycolytic mechanism 
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as a means of obtaining energy for motility. No depression of respiration was 
observed in the present studies when glucose was added to most of the 
samples of washed sperm. The reason for this might be the rather low rates of 
respiration inasmuch as in the few cases where the oxygen uptake was com- 
paratively high there was a slight depression of respiration in the presence 
of glucose. 


TABLE 2. CORRELATION COEFFICIENTS BETWEEN PERCENTAGE 
FERTILITY AND THE DIFFERENT METABOLIC CHARACTERS 























Diluted semen Washed sperm Washed sperm 
plus glucose 
Items studied 

Within Between Within Between Within Between 

bulls* bulls** bulls* bulls** bulls* bulls** 
Zog (1st hr.) —0.004 0.17 —0.093 0.14 0.079 —0.36 
Av. Zo, (1st and and hr.) 0.006 0.65 0.131 0.24 0.004 0.31 
Zog (18st hr.)/Zog (and hr.) —C.125 0.39 —0.028 0.15 0.028 0.36 
Av. Zoo/percent motility 0.040 —0.76 





* Degrees of freedom = 51, r =0.27 for P =0.05. 
** Degrees of freedom =6, r =0.75 for P =0.05. 


The change in the respiration rate from the first to the second hour also 
differed from the previous finding of Lardy and Phillips (1943). They noted 
a considerable drop in the respiratory activity in the second hour. In most 
cases of the present study the rate was slightly higher in the second hour 
and the ratio of Zo, (1st hr.) to Zo, (2nd hr.) averaged slightly less than 1.0. 
The individual values ranged from 0.21 to 2.00 and from this wide variation 
it seemed possible that this property might be characteristic of a semen sam- 
ple or of the spermatozoa themselves so far as their ability to resist environ- 
mental conditions is concerned. On account of the characteristically higher 
rate of respiration of ejaculated sperm than that of epididymal sperm (Lardy, 
Hansen and Phillips, 1945) it appeared that samples of ejaculated semen 
exhibiting initially low rates of respiration were probably deficient in some 
sort of metabolic activator which might be released by the sperm as a result 
of metabolic processes after ejaculation. Since this might also be reflected in 
the fertilizing potentiality of the sperm, it seemed worth while to work out 
the correlation of this ratio with fertility. 

Correlation between average Zo,/percent motility and fertility was also 
determined because this function might give a better representation of the 
metabolic activity of the actively motile sperm. 

The correlation coefficients between percentage fertility and the different 
metabolic characters for diluted semen, washed sperm, and washed sperm 
plus glucose were calculated between bulls and also within bulls. It will be 
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seen (table 2) that none of these metabolic characters correlated significantly 
with fertility with the exception of average Zo,/percent motility which 
showed a negative correlation between bulls at the 5 percent level. 

Although no significant correlation was found between the respiratory 
metabolism of spermatozoa and their fertilizing ability, we fee] that, on ac- 
count of the consistently low rate of respiration, the investigation should 
be continued with bulls producing spermatozoa having a more nearly normal 
rate of metabolism. The technique developed in this study will be helpful 
for future studies. 


Summary 


An investigation was made to determine whether the potential fertilizing 
ability of a semen sample could be predicted from data on the respiratory 
metabolism of the semen and washed sperm in the absence as well as pres- 
ence of added glycolyzable substrate. 

With 53 samples of semen collected from eight bulls a total of 702 insem- 
inations was made. Correlations were determined between percentage fer- 
tility and each of the following metabolic characters: Zo, (1st hr.), average 
Zo, (1st and 2nd hr.), Zo, (1st hr.)/Zo, (2nd hr.), and average Zo,/percent 
motility. 

No significant correlation was found with any of the above characters 
with the exception of average Zo,/percent motility which showed a negative 
correlation between bulls (P =0.05). 
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THE INFLUENCE OF CORN STARCH UPON 
ROUGHAGE DIGESTION IN CATTLE 


Wise Burroucus, Paut Gertaucu, B. H. Epcincton 
AND R. M. BetHKE 
Ohio Agricultural Experiment Station 


ORMER digestion studies with cattle (Burroughs et al., 1949a, 1949b) 

showed that the protein content of the ration was a factor which 
affected roughage digestion under certain conditions. These studies also. 
indicated that the protein requirement for satisfactory roughage digestion 
was low on an all-roughage ration. The inclusion of corn starch in cattle 
rations increased the need for protein or protein supplements in order to 
maintain efficient roughage digestion. The manner by which starch affects 
the needs for additional protein to maintain efficient roughage digestion is 
not known. 

Several investigators (Kellner, 1907; Hamilton, 1942) have suggested 
that alimentary microorganisms, when given the opportunity, might first 
break down the simpler carbohydrates in a ration and thus decrease the 
digestion of the roughage which contains the more complex carbohydrates. 
Accordingly, starch might act indriectly as a depressor of roughage digestion 
which protein supplements counteract. Contrarily, starch might act as a 
diluent to roughage nutrients essential for the proper growth and develop- 
ment of microorganisms in the alimentary tract. 

The studies reported in this paper were undertaken to obtain further 
information on the effect of starch upon roughage digestion in cattle. 


Experimental Data and Discussion 


Five series of digestion trials were conducted using four steers and four 
or more collection periods in each series. In the first series, a basal ration of 
corncobs and dried skimmilk was fed at a constant level to which varying 
amounts of mineralized corn starch were added. In the second, third and 
fourth series, a basal ration containing high quality alfalfa hay was used to 
which different amounts of mineralized starch were added. The final series 
included starch additions to a constant mixture of corncobs and alfalfa hay. 

The procedure followed during the individual collection periods was 
essentially the same as that reported earlier (Burroughs, Gerlaugh et al. 
1948b). The animals ‘were in digestion stalls 10 days which was preceded 
by a 10-day adjustment period on the same ration. The order of feeding ra- 
tions, in a given series, was to begin with the lowest and to end with the 
highest starch ration. 

Corrections were made for undigestible dry matter in dried skimmilk 
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(10.3 percent) and mineralized starch (12.8 percent) as determined earlier 
(Burroughs, et al., 1948b). Dry matter was used as an index of the over-all 
digestion of each roughage. Mineral matter was determined on each ration 
and each excreta sample so that dry matter could be converted to organic 
matter digestibility. No material difference was noted between the digesti- 
bility of dry matter and organic matter. Consequently only dry matter 
digestion is reported. 


The Influence of Starch Additions upon Corncob Digestion Using a Constant 
Amount of Dried Skimmilk 
The rations used in this series are presented in table 1. A constant 


TABLE 1. THE INFLUENCE OF STARCH ADDITIONS UPON CORNCOB 
DIGESTION USING A CONSTANT ALLOWANCE DRIED SKIMMILK 
(All figures in columns 6-8 represent average of individual samples.) 








Ration No. and percent protein in ration 














Description feeds and animals 
I, 11.4 2, 9.3 3, 8.0 4s 7-5 
Amounts (Ibs.) fed daily per steer 
Corncobs (ground) 4.0 4.0 4.0 4.0 
Dried skimmilk 1.6 1.6 1.6 1.6 
Starch (mineralized) -—— 1.6 3.2 4.0 
Totals* 5.6 7.2 8.8 9.6 





Apparent coefficient digestion of corncob dry matter** 








Steer 26 56.6 48.7 33-7 24.9 
Steer 27 55-4 59.5 46.8 30.8 
Steer 28 - 58.7 59.4 33.6 47-5 
Steer 29 57.2 52.9 39.8 35-3 

Average 57.0 55.1 36.5 34.6 





* Each steer also received daily o.1 lb. iodized salt and ro ml. of A and D feeding oil (400D and 4000A per gm.). 
** Corrections made for fecal residues from mineralized starch and dried skimmilk. 


amount of dried skimmilk, (1.6 pounds per steer) was fed daily. The variable 
starch content of the rations shifted the level of protein from 11.4 to 7.5 
percent. The starch additions also increased the level of feeding from a 
below-maintenance ration to one slightly above-maintenance in 600-pound 
steers. 

The average apparent digestion of corncob dry matter (table 1) decreased 
with each increment in starch. The decrease was slight with the smallest 
starch addition but was significantly larger with the higher levels of starch 
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feeding. These results substantiate earlier observations, (Burroughs and 
Gerlaugh, 1948b) that starch decreases roughage digestion. Particular sig- 
nificance is attached to the starch depressing action at levels of protein 
higher than 7.5 percent. 


The Influence of Starch Additions upon Alfalfa Hay Digestion 


Three series of trials with three different lots of hay were used in studying 


TABLE 2. INFLUENCE OF STARCH ADDITIONS UPON 
ALFALFA HAY DIGESTION 





















































Ration No. and percent protein in ration 
Description, feeds 

and animals 5, 6, 7 8, 9 10, 5, 

14.6 11.0 9.0 7.9 13.7 20.3 14.6 
Amounts (Ibs.) fed daily per steer 

Alfalfa hay (1945) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Dried skimmilk _ _ _ _— 2.0 2.0 — 

Starch (mineralized) -- 2.0 4.0 6.0 4.0 — ~- 
Total* | 5.0 | 7.0 | 9.0 11.0 | 11.0 | 7.0 | 5.0 

Apparent coefficient digestion alfalfa hay dry matter** 

Steer 21 59.1 56.5 56.6 55-7 58.0 58.5 57-3 
Steer 23 59.0 59.2 60.3 59-4 60.0 60.3 59.2 
Steer 24 58.5 59.1 52.2 58.5 50.2 62.1 59.5 
Steer 30 61.8 61.0 60.0 55.6 63.4 59.0 59.3 
Average 59.6 | 59.0 | 57.3 | 57.3 | 57.9 | 60.0 | 58.8 








* Each steer also received daily 0.1 lb. iodized salt and 10 ml. of Aand D feeding oil (400D and 4000A per gm.). 
** Corrections made for fecal residues for mineralized starch and dried skimmilk. 


the influence of starch additions upon alfalfa hay digestion. In the first series 
a good grade of second-cutting alfalfa hay, containing 14.6 percent protein, 
was used. This was harvested in 1945 and used shortly after it was made. 
Digestibility of this hay was determined when fed alone, both at the out-set 
and conclusion of the series. The average apparent coefficients of digestions 
of dry matter of the hay were almost identical (59.6 vs. 58.8) even though 
the determinations were made more than 4 months apart. 

The addition of either two, four or six pounds of mineralized starch 
(table 2) had no appreciable influence upon alfalfa hay digestion. This is in 
distinct contrast to the earlier results with corncobs, table 1, even though 
the range in percent protein in the total rations was approximately the same 
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(7.5 to 11.4 percent) compared to 7.7 to 14.6 percent with the two roughage 
series. 

Two additional rations were included in this series, both containing dried 
skimmilk. Ration 9 (table 2) contained 2 pounds of dried skimmilk and 4 
pounds of starch along with alfalfa hay. This ration was included to note 
whether or not the skimmilk addition would restore the anticipated de- 
creased digestion of the roughage when starch alone was fed. Although no 
such decrease in digestion occurred in the preceding starch rations, it should 
be noted that alfalfa hay digestion remained essentially the same as in the 
other rations. Ration 10 contained 2 pounds of dried skimmilk with no 
starch added to the alfalfa hay. The milk addition increased the protein con- 
tent of the ration to 20.3 percent but no effect was noted on the digestion 
coefficient of the hay. 

Considering this alfalfa series as a whole, the uniformity in roughage di- 
gestion is impressive not only between rations but also between individual 
steers on a given ration. Digestion was uniformly high at all levels of starch 
feeding and in rations whose protein content varied both in total amount 
received per steer per day and in the percentage of the total ration fed 
(from 7.7 to 20.3 percent). 

Repetition of the alfalfa series seemed desirable in view of the divergent 
results obtained with starch addition to corncobs as compared with alfalfa 
hay. For this purpose, two lots of high quality second- or third-cutting al- 
falfa hay were purchased locally. Both lots of hay were grown in 1946 and 
are designated as 1946a and 1946b and were used in two respective series 
of digestion trials. The 1946a alfalfa contained 14.8 percent protein and the 
1946b alfalfa contained 13.8 percent protein. Starch additions in the two 
series were similar. The rations fed and the coefficients of digestion of the 
hays are presented in table 3. 

The failure of sta-ch to appreciably influence alfalfa hay digestion was 
again evident in both lots of 1946 grown hay but toa lesser degree than that 
observed in the 1945 alfalfa trial. The initial addition of starch to the 1946a 
alfalfa failed to decrease digestion, but a slight decrease occurred with the 
second addition of starch, with a still further decrease with the highest level 
of starch feeding. The 1946b alfalfa showed some decrease in digestibility 
with the smallest addition of starch but no further decrease was obtained in 
the two succeeding higher levels of starch feeding. 

No explanation is apparent for the failure of starch to decrease the di- 
gestion of alfalfa grown in 1945, as compared with the results obtained with 
alfalfa grown in 1946. The protein content of the three supplies of alfalfa 
was similar. The ratios of starch to roughage in the three series was not 
greatly different. The cattle used were different in the 1945 series as com- 
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pared with the two 1946 series. This difference may have been important 
since the 1946 cattle exhibited a rather severe diarrhea when placed on the 
higher starch rations. This was not the case with the 1945 cattle. Fecal 
examinations of the 1946 cattle indicated an alimentary parasitism. 
Assuming internal parasites were responsible for the diarrhea noted on 
the high starch rations, the influence of such parasites was not evident when 
either of the 1946 alfalfas was fed alone without starch. If one completely 


TABLE 3. FURTHER OBSERVATIONS UPON THE INFLUENCE OF 
STARCH ADDITIONS UPON ALFALFA HAY DIGESTION 









































Ration No. and percent protein in ration 
Description feeds 
and animals i, 12, 1%, 14, Il, 12, 34; tas 
14:8 | 9:6"|'-833 | 9:4 | 1328) GO 11-428 | 6.9 
Amounts (Ibs.) fed sani per steer 
Alfalfa hay (1946a) 4.00 | 4.00 | 4.00 | 4.00 | — — — — 
Alfalfa hay (1946b) - oe — | — | 4.00 | 4.00 | 4.00 | 4.00 
Starch (mineralized) — | 2.75 | 4.15 | 5-50] — | 2.75 | 4.15 | 5.50 
Total* | 4.00 | 6.75 | 8.15 | 9.50 | 4.00 | 6.75 | 8.15 | 9.50 





Apparent coefficient digestion alfalfa hay dry matter** 

















* Each steer also received daily 0.1 lb. iodized salt and 10 ml. of A and D feeding oil (400D and 4000A per gm.). 
** Corrections made for fecal residue from mineralized starch. 


| 
Steer 32 58.7 | 60.7 | 55.4 | 48.2 | 58.1 | 53.C | 52.7 | 57.2 
Steer 33 61.4 | 63.8 | 59.6 | 47.6 | §5.9 | $4.0 | 51.8 | 49.3 
Steer 34 58.1 | 60.1 | 57.1 | 52.4 | $5-9 | $0.0 | 53.2 | 57.3 
Steer 35 59-3 | §7-2 | 55-7 | 42-1 | 55.8 | 48.5 | 52.0 | 43.8 
Average | 59.4 | 60.4 | 57.0 | 47.6 | 56.4 | 51.4 | s7-4 | 51.9 





discounts parasites as a possible disturbing factor in the three alfalfa series, 
it seems logical to assume that alfalfa hays differ somewhat in their capacity 
to withstand a decrease in digestion resulting from starch additions. 


The Influence of Starch Additions upon the Digestion of a Mixture of Corn- 
cobs and Alfalfa Hay at Extremely Low Levels of Protein Feeding 


The depressing action of starch on corncob digestion was demonstrated 
(table 1) in rations moderately high in total protein (7.5 percent). The extent 
to which starch affects roughage digestion at extremely low levels of protein 
feeding was the major interest in the following digestion experiments. A 
basal roughage ration of 4 pounds corncobs and 1 pound of alfalfa hay, was 
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selected so that the mixture would be low in protein (4.4 percent) and yet 
be consumed in amounts satisfactory for digestion measurements. Two and 
four pounds of starch (table 4) were added to the basal ration in succeeding 
trials. A fourth ration containing roughage and 2 pounds each of mineral- 
ized starch and dried skimmilk was included in this series. 

Each starch addition resulted in a marked decrease in roughage digestion. 
On the basal ration, an average value of 62.8 percent was obtained in con- 
trast to 53.2 percent and 31.6 percent when 2 and 4 pounds of starch were 


TABLE 4. THE INFLUENCE OF STARCH ADDITIONS UPON THE DIGESTION 


OF A MIXTURE OF CORNCOBS AND ALFALFA HAY AT 
EXTREMELY LOW LEVELS OF PROTEIN FEEDING 








Ration No. and percent protein in ration 























Description, feeds 
and animals 14, 15, 16, 17, 
4-4 3-7 3-3 X0.4 

Amounts (Ibs.) fed daily per steer 
Corncobs (ground) 4.0 4.0 4.0 4.0 
Alfalfa hay (chopped) 1.0 1.0 1.0 1.0 
Dried skimmilk a a _ 2.0 
Starch (mineralized) == 2.0 4.0 2.0 
Totals* 5.0 7.0 9.0 9.0 
Apparent coefficient digestion of roughage dry matter** 

Steer 21 61.6 50.3 33.2 45.5 
Steer 23 65.0 59.8 42.4 52.1 
Steer 24 63.1 54.5 29.1 §2.0 
Steer 30 61.7 48.0 21.3 40.8 
Average 62.8 ee 31.6 47.6 





* Each steer also received daily 0.1 lb. iodized salt and 10 ml. of A and D feeding oil (400D and 4000A per gm.). 
** Corrections made for fecal residue from mineralized starch and dried skimmilk. 


fed. Roughage digestion on the starch-dried milk ration averaged 47.6 
percent, which is intermediate in value between those of the 2- and 4-pound 
starch rations. This value is of the magnitude one might expect if starch was 
the predisposing influence upon digestion in this ration and milk was exert- 
ing little or no influence. 

Comparing the action of starch in causing a decrease in digestion of 
roughage rations moderately high in protein (table 1) with the decrease in 
digestion noted in rations low in protein (table 4), it again seems apparent 
that dried skimmilk was exerting little influence in these rations. 4 pounds 
of starch in the moderately high protein ration series (11.4 to 7.5 percent) 
shifted roughage digestion from 57.0 to 34.6 percent. Similarily, 4 pounds of 
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starch in the low protein ration series (4.4 to 3.3 percent) decreased rough- 
age digestion from 62.8 to 31.6 percent. 
Discussion 

The manner in which starch decreases roughage digestion in ruminants, 
particularly corncobs, probably is related to the biological processes of the 
microorganisms inhabiting the alimentary tract. The exact nature of the 
phenomenon cannot be fully explained without direct bacteriological 
studies. Despite this shortcoming, the reconciliation of results obtained in 
this and preceding studies (Burroughs, Gerlaugh, 1949a, 1949b), offers sug- 
gestions as to the nature of the effect of starch in causing a decrease in rough- 
age digestion. 

Starch and roughages when fed together are both subject to action by 
rumen microorganisms. The attack on starch either precedes or takes place 
at a faster rate immediately after feeding than does the action on roughages 
as judged by rumen pH measurements. From 2 to 4 hours immediately fol- 
lowing feeding, rumen pH values (Monroe and Perkins 1939) decrease. 
When the ratio of starch to roughage is increased in the ration lower rumen 
pH values are obtained and in a shorter period of time (unpublished data) 
following feed consumption. The attack on roughage by rumen microorgan- 
isms when starch is an ingredient of the ration thus must take place either 
following the attack on starch or at a slower rate which is more-or-less con- 
tinuous in the rumen at all times. 

The degree with which starch interferes with roughage digestion may 
well depend upon handicaps imposed by the more. vigorous attack of the 
microorganisms which utilizes starch upon the same or different microor- 
ganisms which attack roughage more slowly. It was noted, for example, that 
4 pounds of starch decreased corncob digestion appreciably (table 1), where- 
as no effect was noted (table 2) when the same amount of starch was added 
to alfalfa hay. This difference can best be reconciled on the basis that alfalfa 
hay contained more essential nutrients than corncobs in promoting growth 
of microorganisms. The larger stores of nutrients in alfalfa hay were sufh- 
cient to withstand starch fermentation and still have enough food essen- 
tials remaining to promote growth of roughage digesting microorganisms. 
Conversely, the smaller stores of nutrients in corncobs were insufficient to 
maintain the microorganisms capable of digesting roughage, following the 
earlier utilization of essential nutrients in starch fermentation. 

The nature of these postulated food essentials is somewhat obscure. They 
were first believed to be a single entity, namely, protein, since protein sup- 
plements (Burroughs, Gerlaugh, 19494, 1949b) improved roughage digestion 
in rations containing starch or starchy grains. Protein cannot be considered 
to be without effect upon the digestion of roughages. There is, however, 
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reason to suspect that starch fermentation may be related to other unknown 
nutrient deficiencies when one compares the results noted in table 1 with 
those in table 4. The importance of such deficiencies in relation to protein 
insufficiency would depend upon which becomes the first limiting factor for 
the growth of roughage digesting microorganisms. 

From the practical standpoint, the demonstration of unknown nutritional 
factors essential for efficient roughage digestion would seem to have greatest 
significance in the probability that these unknown factors are associated in 
nature with roughages and protein-rich feeds. The finding of such factors 
might furnish an additional basis for judging quality in roughages and might 
result in a lessening of the need for protein-rich feeds in ruminants receiving 
heavy grain rations. 


Summary 


Five series of digestion trials with cattle (steers) were carried out to 
obtain more information on the effect of starch upon roughage digestion. In 
the first trial, a basal ration containing corncobs and dried skimmilk was 
fed at a constant level to which varying amounts of mineralized corn starch 
was added. In the second, third, and fourth series the basal feed consisted 
of high quality alfalfa hay to which were added different amounts of starch. 
The final series included starch additions to a constant mixture of corncobs 
and limited alfalfa hay. 

A substantial decrease in roughage dry matter digestion was noted when 
starch was included in the ration in which corncobs or corncobs and limited 
alfalfa hay made up the roughage part of the ration. This decrease in rough- 
age digestion occurred even though the percent protein in the total ration 
was widely different. Minor decreases in roughage digestibility were noted 
in two alfalfa series and no decrease in a third alfalfa series. The variable 
influence of starch upon roughage digestion can best be explained on the 
basis of adequate or inadequate nutrients for the growth of microorganisms 
in the alimentary tract, associated either with starch fermentation or rough- 
age digestion. 
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THE NUTRITIVE VALUE OF GREEN BERSEEM 
(EGYPTIAN CLOVER), HAY AND SILAGE! 


A. Guonem, M. T. Ex-Katis anp A. A. BApR 
Fouad I University 


Introduction 


ERSEEM (Trifolium Alexandrinum) is the most important leguminous 

forage crop of Egypt. It constitutes the important food of working 
animals, cows and buffaloes during the months of its growth from December 
to early in June. During the rest of the year, there is almost a complete 
absence of green fodder, and for it is substituted a dry ration, composed of 
chopped straw, beans, barley, maize, etc. The need for a good quality har- 
vestable summer forage is great as the prices of grains are very high. 

The nutritive value of berseem has been unknown but farmers have fed 
it to cattle in large quantities with no regard to the possible danger. The 
giving of such massive quantities and the high palatability of the crop make 
these animals swallow it voraciously without good mastication with the 
result that a fermented mass is formed. This leads to the formation of strong 
gases which distend the abdomens of these animals and this may cause death. 
Diarrhoea sometimes occurs and through this many nutritive ingredients are 
lost. It is apparent that there is need for scientific studies on the nutritive 
value of the Egyptian clover or berseem. 

During summer in Egypt, there is a shortage in harvested forage. There- 
fore it is very important to find out the best way of making from the surplus 
berseem, good hay and silage for feeding animals during summer and to de- 
termine their nutritive value. 


Experimental Methods 
Green Berseem 


For the purpose of studying the chemical composition of berseem, samples 
were taken in two consecutive years (1944 and 1945) and from different 
areas of the field of the Faculty of Agriculture at Giza. Five samples (each 
representing an area from 1 to 5 feddans?) were taken for every cutting. 
The berseem was cut at one time and after being thoroughly mixed, a repre- 
sentative sample of 2 Kg. was taken for analysis. The samples which repre- 
sent 5 feddans area each were taken for the digestibility trials. 

The digestibility trials consisted of the usual preliminary feeding period 


1 From the Agricultural Chemistry and Animal Nutrition Department, Faculty of Agriculture, Giza, Egypt. 
* On. Egyptian Feddan = 4200 square meters. 
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followed by the test or analytical period. The preliminary period lasted 14 
days and the analytical period 16 days. Two pedigreed Osimi castrated 
lambs, about 8 months old, were employed and kept in metabolism cages 
where feces and urine could be separately collected. The animals were fed 
twice daily. Water was given in liberal amounts. The berseem was cut 
daily; 20 Kg. of the cutting was well chopped and thoroughly mixed for 
feeding. A representative sample of 150-200 gm. of the fresh berseem was 
taken daily during the test period and dried in the oven at 60° C. These 
samples were collected throughout the test period and then thoroughly 
mixed and ground to a fine nowder for analysis. Feces were also collected 
daily during the test period, accurately weighed arid a representative sample 
of 100 gm. was dried daily in an oven at 60° C. The samples of the dried 
feces were thoroughly mixed, milled to a fine powder and kept for analysis. 


Berseem Hay 


Berseem was cut in the morning after the dew was off as the action of the 
direct sunlight in decolorizing hay with external moisture such as dew or 
rain, is a matter of common observation. Berseem which was ready for mak- 
ing hay, after taking the needed samples, was thoroughly mixed and then 
divided into two equal parts each of 1000 Kg. The first division was left 
spread to dry, one part in the sun and the other in the shade; each weighing 
500 Kg. The second division was made into bundles and also left to dry, one 
part of 500 Kg. in the sun and the other part of the same amount in the 
shade. Therefore hay obtained was of 4 different types: (1) Unbundled sun- 
dried; (2) Bundled sun-dried; (3) Unbundled shade-dried; (4) Bundled 
shade-dried. 

The treatment of berseem while being made into hay by these different 
methods was as follows: On the first three days the berseem was turned by 
hand twice, in the morning and in the afternoon. On the fourth and the 
fifth days, the mixing was once only. The berseem was afterwards made into 
small heaps whose diameter varied from 1} to 2 meters and whose height 
was about one meter. These heaps were loosely packed to allow aeration, 
and after two more days were turned upside down so as to let the lower 
parts dry. In this way, the loose hay was partially dried. In the case of the 
bundled hay it was carefully turned once in these two days and not heaped. 
The hay prepared by each method was then made into 4 big heap and kept 
for feeding. To avoid moisture from the soil and to aid aeration a layer of 5 
to 30 cm. of maize stalks was spread out under the hay of all heaps. The par- 
tially dried hay was then arranged over the maize stalks in a layer of 50 cm. 
in such a way that the more damp hay was exposed to the air in the upper 
part; otherwise putrefaction would have occurred. Vertical spaces packed 
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with maize stalks were also made in the hay to assure aeration. These maize 
partitions were 60 cm. in width and spaced at distances of 1.5 to 2 metres 
apart. When the hay was thoroughly packed in this manner, the maize par- 
titions were taken out and vacant spaces filled with air were left to prevent 
putrefaction. After 5 or more months, representative samples were taken 
from the hay made by the different methods for analysis. Digestibility trials 
have also been made on the hay similar to those made on green berseem. 
By so doing, the chemical composition of hay made by the four different 
methods and also the digestibility were determined. 


Berseem Silage 


Silage was made in small experimental basins built of concrete and cement 
of one cubic metre each. 

The following methods were used: (1) With no addition of chemicals or 
molasses; (2) With the addition of molasses—molassed silage; (3) Ensiling 
berseem after being partially dried to get rid of the excessive moisture—wilt- 
ing method; and (4) With the addition of mineral acids—A. I. Virtanen 
method. 

Berseem silage with no additions. In this method 3 basins were used. Un- 
chopped berseem was put into the first basin and chopped (approx. 3 inch 
length) into the other two. Ensiling was in layers, each of which was ac- 
curately weighed, levelled off and tramped thoroughly before ensiling the 
next layer until the basin was filied. The berseem was then covered with a 
layer of sacks and then with a wooden covering, and lastly a layer of finely 
ground farm grains 30 cm. deep was added. Levelling and tramping were 
repeated twice, at 2 days interval, then once a week until no more settling 
occurred and then silage was weighed and left until needed. 

One percent molassed berseem silage. The amount of molasses added was 
1 percent of the weight of the ensiled berseem. Molasses was diluted with 2 
volumes of water and then added to the ensiled layers. The rest of the pro- 
cedure was the same as that of silage with no additions. 

The wilting method. The chopped material as it goes into the silo should 
have a moisture content not higher than 68 percent, but preferably around 
65 percent. Berseem haryested at the hay-making stage of maturity ordi- 
narily will have about 85 percent of moisture in the first and second cuttings 
and 77-80 percent in the third one. The time to allow berseem to wilt in 
order to reduce the moisture content to 68 percent will depend on a number 
of factors; such as the yield of the crop, temperature, wind, humidity and 
intensity of sunlight. If the crop becomes drier than 65 percent, it can stil 
be ensiled successfully; but it is not desirabie to have it drier than 58 per- 
cent. The drier the crop is, the greater the care required to pack it firmly 
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enough to force the air out. Furthermore, the more drying that takes place 
the greater is the loss of carotene both in the field and in the silo. With the 
moisture tester such as described by Woodward (1944), it can be deter- 
mined whether the crop is dry enough to make good silage, and also whether 
it is drier than is desirable. 

A.I.V. method or mineral acids method. The A.I.V. solution used by 


TABLE 1. CHEMICAL COMPOSITION OF BERSEEM PREPARED 
BY DIFFERENT METHODS 








Percentage of constituent on a dry basis 








Dry 
Method of preparation matter, Orde Ether Nefree Crude 
ae protein extract extract fibre Ash 
Green— 
Ist cutting 15.6 13.7 4.2 48.0 17.3 16.8 
2nd cutting 18.2 16.2 3.6 40.5 26.0 13.6 
3rd cutting 23.4 16.0 4.0 36.1 31.8 ye 
Hay— 
2nd cutting 
—unbundled sun-dried 90.8 16.7 2. 42.9 22.3 14.0 
—bundled sun-dried 90.0 15.2 5.1 42.4 26.4 10.9 
—unbundled shade-dried 83.7 5.3 “3 41.3 27.5 11.6 
—bundled shade-dried 85.5 14.4 4-7 40.1 28.6 12.2 
2nd cutting 
—avg. of 4 kinds ae a eee 26.4 12.7 
3rd cutting 
—avg. of 4 kinds 86.2 14.2 3.3 40.3 a1.5 10.8 
Silage— 
2nd cutting 
—nothing added 21.1 18.7 ey! 27.4 54.3 16.4 
—with 1% molasses 20.7 14.6 4:3 27.3 36.5 17.3 
—partially dried 27.9 15.7 3.3 35.0 $0.3 14.7 
—AL.V. 26.8 19.0 4.5 37.8 26.6 12.0 





Virtanen (1932-1938), consisted of 95.5 litres of HCl 33 percent mixed with 
19 litres of HeSO, 95 percent by weight. The resultant mixture was diluted 
with water to 800 litres. When 7 litres of this solution were added to 100 
Kg. of berseem, the amounts of acids added were then 0.323 Kg. of HCl 
and 0.291 Kg. of HeSO,, or in other words 1.26 N HCl and 0.85 N H,SO,, 
and total strength of 2.11 N. The amounts of A.I.V. solution added to the 
bottom layers were less than those added to the surface layers because of 
diffusion of the solution to the bottom. Each berseem layer when ensiled was 
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levelled and thoroughly tramped before adding the next layer until the 
basin became full. The time after which a sample was taken to test the 
digestibility of the ensiled berseem was not less than 5-6 months after add- 
ing the acids. Digestibility trials were made for each kind of silage alone. 
The amount of silage given for each ram was 300 gm. daily. In addition, 
finely ground limestone to the extent of 20 gm. was added to each kilogram 
silage to neutralize the acidity. It was noticed that the character of the feces 
voided by both rams was quite normal during silage ingestion. 


Results and Discussion 
Chemical Composition 


As berseem gets older the dry matter increases and this is paralleled by 
an increase in crude fibre (table 1). Nitrogen-free extract and minerals de- 
crease from the first to second and the second to third cuttings. Crude pro- 
tein content is higher in the second cutting and lowest in the firsc cutting. 

The unbundled, sun-dried hay had the highest dry matter content. The 
chemical composition was approximately the same in the four different types 
of hay. Similar results were obtained from the third cutting of berseem hay 
but the data are not included. 


TABLE 2. DIGESTIBLE NUTRIENTS AND STARCH EQUIVALENT OF 
BERSEEM PREPARED BY DIFFERENT METHODS 








Digestible nutrients 











Percentage digestible nutrient— pace 
Method of preparation Digestible dry basis — 
dry matter, (dry basis), 
percent Crude Ether N-free Crude ~— 
protein extract extract fibre 
Green 
Ist cutting 10.6 10.0 4.2 39.6 9-3 63.6 
and cutting 12.3 13:4 2:0 ..37-9. Yast 59.1 
3rd cutting 5.9 11.4 2.5 26.3 18.1 54.0 
Hay 
2nd cutting 50.5 9.8 1.6 26.5 13.0 36.4 
3rd cutting 54.1 9.1 2.0 29.3 15.6 39.0 
Silage 
2nd cutting 
—"‘nothing added” 6.8 9.0 1.1 8.5 9.9 17.3 
—with 1% molasses 8.1 5.1 2.7 8.9 10.7 16.0 
—partially dried 15.5 7.9 1.9 19.7 13.9 31.0 
—A.LV. 15.1 9.8 2.9 24.9 13.7 43.1 
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The partially-dried silage contained the greatest amount of dry. matter. 
The A.1.V. silage was superior to the other kinds of silage in that it con- 
tained higher amounts of crude protein, fats and carbohydrates, and lower 
amounts of crude fibres. Similar results were also obtained from the third 
cutting. 


Digestible Nutrients 
In the green berseem the digestible dry matter and crude fibre increased 


TABLE 3. COMPARATIVE VALUES OF BERSEEM PREPARED 
BY DIFFERENT METHODS 








Ratios per 100 Kg. dry matter 








Method of preparation Starch Dig. paar Starch 
equiv. Prot. equiv. 
Green berseem 100 100 5493 592 
Berseem hay 61.6 72.9 1100 351 
*‘Nothing-added” silage 29.3 67.1 3937 144 
1% Molassed silage 27.0 37.8 4303 142 
Partially-dried silage 52.5 58.7 3845 320 
A.LV. silage 72.9 72.9 4486 518 





gradually from the first to the third cutting (table 2). The amounts of digest- 
ible carbohydrate and ether extract were highest in the first cutting, the 
former decreasing from the first to the third cuttings and the latter particu- 
larly between the first two. The amount of digestible protein was highest 
in the second, and considerably lower in the first cutting. The starch equiva- 
lent gradually decreased from the first to the third cutting. 

The digestible nutrients and starch equivalents of the A.I.V. silage 
were higher than for the other types of silage. The partially-dried silage was 
found to be next best and the other kinds had less digestible nutrients and a 
lower starch equivalent. The same results were obtained in the third cutting 
berseem silage. 


Comparative Values 


Both the starch equivalent and digestible protein of green berseem were 
higher than for either hay or silage made by the different methods (table 3). 
The A.I.V. silage was superior to the hay and the partially-dried silage had 
about the same amount as hay. On the other hand, the starch equivalent of 
“nothing-added” and 1 percent molassed silage was less than that of hay. 
The same results were found in the third cutting of berseem. 

The starch value given by a feddan of berseem was higher than that 
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produced when it is transformed into either hay or silage. The starch value 
produced from a feddan of A.I.V. silage was higher than that of hay made 
from the same mother berseem, whereas that of “‘nothing-added” or molassed 
silage was lower than that of hay. The amount of starch value produced 
from a feddan of partially-dried silage approximated that of hay made from 
the same mother berseem. Similar results were obtained in the third cutting 
of berseem. 


Summary 


The starch value and digestible protein of fresh berseem were higher than 
those of both hay and silage made by different methods. A.I.V. silage was 
superior to hay whereas partially-dried silage had about the same amount as 
hay. It was also clearly shown that the starch value given by a feddan 
(4200 sq. meters) of berseem was higher than that produced when it was 
transformed into hay and silage. The starch value produced from a feddan 
of A.I.V. silage was found to be higher than that of hay made from the 
same mother berseem, whereas that of “nothing-added” or molassed silage 
was lower than that of hay. The amount of starch value produced from a 
feddan of partially-dried silage was nearly equal to that of hay made from the 
same mother berseem. 
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THE EFFECTS OF FEEDING SUPPLEMENTAL 
COPPER TO GROWING FOALS 


P. T. Cupps anv C. E. Howe i 
University of California’ 


HILE studying the nutritive requirements of horses, Howell et al. 

(1941) reported the presence of eroded areas on the articular cartil- 

ages of the joints of the long bones. Hart et al. (1943) could not prevent the 

lesions by feeding vitamin A. Washburn (1946) reported similar erosions in 

the joints of lame calves fed large quantities of milk. He reported that feeding 

copper at the rate of 15 p.p.m. to calves on nurse cows prevented the symp- 
toms. 

The present experiment was undertaken to test if feeding supplementary 

copper to horses would prevent the erosions found on the articular cartilages, 


Experimental 


Four Percheron foals 103 to 185 days of age were divided into two groups. 
Two foals were fed the control ration and two were fed supplementary 
copper at rates of 10 p.p.m. and 100 p.p.m. respectively. While still nursing, 
the foals were fed supplementary copper by adding it to a grain mix. They 
were weaned when the youngest foal was about 180 days old. After wean- 
ing, they were fed a ration composed of 52.5 parts of dried beet pulp, 10 
parts barley, 10 parts oats, 10 parts wheat bran, 10 parts linseed meal, 5 
parts cottonseed meal, 1.5 parts calcium carbonate, and 1 part salt. Copper 
sulfate solution was sprayed on the mix to furnish additional copper. Vita- 
min A was supplied by adding five ml. of shark liver oil containing 100,000 
i.u. of vitamin A per ml. to the ration twice weekly. The foals were fed the 
above ration for 255 days. They were weighed every other week. 

Blood samples were drawn from the jugular vein into potassium oxalate. 
Red cell count, hemoglobin, red cell volume, and copper content were de- 
termined on the blood. At the end of the experiment, two of the foals, one 
control and the one that received 100 p.p.m. of copper, were killed. The 
joints were examined for lesions, and samples of liver were removed for 
copper determinations. 

Copper was determined by the carbamate method using an Evelyn 
Photoelectric Colorimeter with 420 Mu filter. Materials sampled were 
ashed dry at low heat and the copper carbamate compound was extracted 
with iso-amyl acetate. 


1 Davis, California. 
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Results and Discussion 


In the control animal eroded areas were found on the articular cartilages 
of the atlanto-occipital, elbow, knee and hock joints. In the animal receiving 
100 p.p.m. of copper an eroded area was found on the elbow joint, but the 
other joints were normal. Incomplete recovery of copper added to the ration 
at the higher levels may have been caused by sampling errors. 


TABLE 1. BLOOD ANALYSIS AND GROWTH DATA 














Foal Treat — Hemoglobin, Red cell Copper, Average 
oie inate aditees gms. per volume, gamma daily 
per c.sn.in 100 ml. percent per ml. gain, lbs. 
I Control 9.54 13.4 35-7 1.44 1.34 
Control 9.36 13.0 3454 1.30 1.00 
3 Copper 8.64 12.0 31.8 1.46 1.10 
10 p.p.m. 
4 Copper 10.8 15.1 39.0 1.37 1.43 
100 p.p.m. 








The animals gained at a normal rate on the above ration and remained in 
excellent condition during the experimental period. The differences in gains 
of the individual foals are probably due to the individuality of the foals and 
to their ability to eat the ration. 

Discussion 

Average blood values of copper for the four animals were practically the 
same (table 1). Individual copper determinations ranged from 0.70 gamma to 
2.0 gamma per ml. so that the copper content of blood is probably not a reli- 
able index for determination of copper ingested within the limits of this ex- 
periment. 

The liver from the foal receiving the control ration (copper approximately 
8 p.p.m.) contained 38 gamma of copper per gram on a wet basis, and the 
liver from the foal receiving supplemental copper (100 p.p.m.) contained an 
average of 359 gamma of copper per gram on a wet basis (table 2). The livers 
from the foals contained approximately 29 and 262 times as much copper as 
was found in the blood. In addition, the amount of copper stored in the 
livers is related to the copper ingested by the animal. From these data it ap- 
pears that determination of liver copper is a more reliable index to the 
amount of copper eaten by the animal than is the blood. 

Cunningham (1931) reported that liver from two adult horses contained 
14.8 and 30.5 p.p.m. respectively of copper on a dry basis. These amounts 
are lower than the values reported here indicating that foals receiving 8 
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p.p.m. of copper in the ration store copper in the liver. Storage of copper in 
the liver, normal growth and normal blood analyses suggest that the copper 
requirement for growing foals is less than 8 p.p.m. of copper in the ration. 

Red cell counts (table 1) for these foals ranged from 8,640,000 to 10,800, - 
ooo with an average for the four animals of 9,550,000. Scarborough (1931) 
reported 9,400,000 as the average red cell count for one foal but did not 
mention the breed. Macleod (1946) reported an average red cell count of 
12,910,000 for thoroughbred foals. Cell counts for these foals are somewhat 
less than for the thoroughbreds reported by Macleod. 


TABLE 2. COPPER CONTENT OF FEED AND TISSUE 








Ration*** Liver 








Mix* Control, 10 p.p.m., 100 p.p.m., Copper, ** 
gamma gamma gamma gamma 
per gram per gram per gram per gram 
I 7.0 13.0 32.0 Foal No.2 38.0 
8.0 12.0 32.0 38.0+ 
3 9.0 19.0 47.0 Foal No. 4 328.0 
390.0+ 





* Refers to copper determinations on 3 different mixes of the ration. 
** Wet basis +duplicate analyses. 
*** Air dry basis. 


The average red cell count of foal number 4 is high, probably because 
she was an excitable animal and difficult to bleed. Increased red cell counts 
were seen occasionally in the other foals if they had struggled or become 
excited when bled. The high average count of this foal may have been 
caused by splenic extrusion of red cells into the blood stream. Foal number 
3 had strangles during the first month of the experiment and at that time 
her red cell count was low. 

The average hemoglobin content of the blood of these foals was 13.37 
grams per 100 ml. Macleod (1946) reported an average of 13.86 grams of 
hemoglobin per 100 ml. of blood for Thoroughbred foals. These data indicate 
that the total amount of hemoglobin per 100 ml. of blood for the two breeds 
is similar for animals of comparable age. 

Theoretically, the hemoglobin values may be high and the red cell volume 
values low because potassium oxalate was used as an anticoagulant. Since 
the ratio of the red cell count to hemoglobin and the ratio of red cell count 
to red cell volume values are practically constant, the authors believe that 
oxalated blood may be used for determination of the blood data reported so 
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long as reasonable care is taken in holding the amount of oxalate and blood at 
constant proportions. 


Summary 


The copper content of the blood of foals receiving 8 to 109 p.p.m. of 
copper in the ration averages about 1.4 gamma per ml. Livers from foals fed 
the above amounts of copper contained 38 and 359 gamma respectively of 
copper per gram. Storage of copper when fed at these levels suggests that 
the copper requirement for growing foals is less than 8 p.p.m. in the ration. 

The average red cell count of four Percheron foals was 9,550,000 cells 
per c.mm. The red cell volume was 35.2 percent and the hemoglobin was 
13.37 grams per 100 ml. 

The role of additional copper in the etiology of “joint lesions” is not clear 
and further experimentation will be necessary to determine if it will prevent 
or decrease the severity of the erosions found on the articular cartilages of 
horses. 
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THE SYNTHESIS OF B VITAMINS IN THE HORSE 


F. D. Carrot, HArotp Goss, AND C. E. Howeti 
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NFORMATION about the nutrition of the horse is not as complete as 

that for other farm animals. This is particularly true concerning the need 
for members of the B complex in the horse’s diet. One of the first reports in- 
dicating that horses required vitamin B was that of Naito et al. (1925). 
When a diet of polished rice and rice straw supplemented with cod liver 
oil and minerals was fed to horses they lost weight and developed symptoms 
characteristic of thiamin deficiency. Carlstrém and Hjarre (1939) reported 
that several military horses in a Swedish regiment, receiving very poor 
quality hay and grain, became emaciated, developed anorexia, and incoor- 
dination. The blood contained above normal amounts of pyruvic acid, lactic 
acid, bisulfite combining substances, and acetone. When 250 grams of dried 
yeast was fed daily to each animal, the blood picture became normal and 
the horses, in general, improved rapidly. These authors proposed that 50 
grams of dried yeast and 50 grams of chalk be supplied per animal per day 
when hay and grain are of poor quality. 

Pearson et al. (19444, 1944b, 1945a, 1948) have reported on experiments 
with Shetland ponies. According to these workers, the ponies required 
riboflavin, apparently pantothenic acid, and none or very little nicotinic acid. 

Jones et al. (1945) fed mature army horses a diet containing 2.2 micro- 
grams riboflavin per gram of feed and found 10.9 micrograms of riboflavin 
per gram of dried large colon contents. According to the authors, this five- 
fold increase was due to bacterial synthesis. No mention was made of a loss 
in weight or anorexia among any of the horses, even though the diet con- 
tained one third less riboflavin than the ration which Pearson et al. (1944b) 
fed their ponies and which they stated furnished the required 44 micro- 
grams riboflavin per kg. body weight per day. It is quite possible that the 
mature army horses may have consumed more feed per kg. body weight than 
the Shetland ponies used by Pearson et al. (1944b), and thus met the require- 
ment for riboflavin, or that the quantity of synthesized riboflavin absorbed 
from the large colon was sufficient to satisfy the animals’ requirements. 
Jones et al. (1946) studied the relation between the concentration of ribo 
flavin in the diet and the incidence of equine periodic ophthalmia, but their 
data presented no clear cut correlation. In one group of 130 officers’ mounts 
however, the appearance of new cases of periodic ophthalmia stopped 
abruptly when each horse received a supplement of 50 mg. of riboflavin 
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daily. In an editorial in the Journal of the American Veterinary Medical 
Association (1946) it is stated that Dimock believes that equine periodic 
ophthalmia cannot as yet be classed as a deficiency disease and further, the 
condition has not been consistently produced on deficient rations, and es- 
tablished cases are not cured by administering riboflavin. 

It appears from the evidence available that the horse might require some 
but not all members of the vitamin B complex. Since data on only three 
members have been reported, it becomes desirable to study the remaining 
members of the B complex in addition to riboflavin, niacin and pantothenic 
acid. With the exception of the work of Jones et al. (1946), no quantitative 
determinations seem to have been reported on the amounts of B vitamins 
synthesized in the intestinal tract of the horse. 


Experimental Procedures and Results 


A yearling stallion and a two year old filly, both purebred Percherons pro- 
duced at this station, were used as experimental animals. Each animal was 





TABLE 1. WEIGHTS OF ANIMALS, IN POUNDS 








Animal Original wt. 1st wk. 2nd wk. 3rd wk. 4th wk, 





Stallion 1082 1040 1050 1050 1070 
Filly 1352 1260 1302 1310 1325 





housed in a paddock about 30 feet by 75 feet in size with approximately one 
third of the area under shed roof. The floor of the portion under roof had 
clay dirt flooring and the remainder of the paddock was concrete. High 
woven wire attached to steel posts surrounded the paddock and individual 
concrete tanks supplied the water. The mangers and floors were cleaned 
and swept free of all hay, bedding and manure before starting the experi- 
ment. No bedding was used throughout the experimental period. Algae 
growth in the water tanks was prevented by the use of copper sulfate. 

Ration No. 1 consisted, in percentages, of: dried beet pulp (plain), 68.0; 
glucose (Cerelose), 20.0; washed casein, 5.0; washed fish meal, 5.0; spent 
bone black, 2.0; NaCl (salt block), ad libitum. 

In addition to the above ration, each animal received 10,000 I.U. of 
vitamin D and 999,099 I.U. of vitamin A weekly in a mixture of cod liver oil 
and shark liver oil, spread on the feed at feeding time. 

Both animals refused to eat the ration the first two days, but were eating 
the feed at the rate of 13 pounds per 109 pounds of body weight daily at 
the end of the first week. During the final week, the rate of feed consumption 
had increased to 13 pounds. The animals were weighed at weekly intervals. 
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Table 1 shows that each animal lost weight during the first week, but this 
was followed by a gradual gain until the original weights were almost 
reached at the end of 28 days. 


Sampling and Treatment of Intestinal Contents 


It was thought that 28 days on the experimental ration was more than 
sufficient time for all former feed to have left the intestinal tract. Both ani- 
mals were slaughtered 14 hours after the last feeding. The body cavity of 
each animal was opened and samples were obtained from the duodenum; 
the ileum; the caecum; the anterior portion of the large colon; and the 
anterior portion of the small colon. The samples were placed in 2-quart fruit 
jars and enough 95 percent ethyl alcohol added to make the final concentra- 
tion of alcohol approximately 50 percent. The pH of the samples was ad- 
justed to fall within the range of 4.0-6.0 and all samples were stored at a 
temperature below o degrees Centigrade. Later the material was dried at 
room temperature for three to four days. The dried matter was finely ground 
in a Wiley mill and stored in closed jars at room temperature until assayed. 


Vitamin Assays 


Corresponding dry samples from the two animals were mixed in equal 
proportions and an aliquot sample taken for vitamin analysis. In all instances 
a composite sample of the ration was analyzed simultaneously with the 
samples from the intestinal tract. Thiamin determinations were made ac- 
cording to the thiochrome procedure described by The Association of 
Vitamin Chemists (1947). Riboflavin and folic acid were determined ac- 
cording to the microbiological method of Roberts and Snell (1946). Panto- 
thenic acid and biotin were assayed according to the microbiological methods 
of Skeggs and Wright (1944) and Wright and Skeggs (1944). Nicotinic acid 
was determined by the microbiological method as outlined by The Associa- 
tion of Vitamin Chemists (1947). The microbiological method described by 
Eli Lilly and Company (1946) was used for the determination of pyri- 
doxine. With the exception of pyridoxine, all extractions were aided by the 
use of enzymes as recommended by Cheldelin et al. (1942). 

Table 2 summarizes the data obtained which shows that there was con- 
siderable synthesis of seven B vitamins in the intestinal tract of the horse. 
The greatest synthesis occurred in the caecum and the large intestine, pre- 
sumably because in this part of the intestinal tract the bacterial flora is most 
luxuriant (Mitchell and Isbell, 1942). If it is true that no bacteria are found 
in the small intestine, then it becomes difficult to explain the increase in 
concentration of vitamins found in this section of the intestine. Leakage from 
the caecum and large intestine into the small intestine might account for 
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the quantities of B vitamins found. However, in the case of four’ of the seven 
vitamins studied, larger amounts were found in the upper half of the small 
intestine than in the lower half. Similar variations were found between the 
caecum and the two parts of the large intestine. Mitchell and Isbell (1942) 
showed that the rate of absorption of pantothenic acid, biotin and folic acid 
was approximately the same at all points along the intestinal tract of the 
rat. With the information at hand, the only explanation we can offer for the 
variations noted is that the samples used were not representative of the 
entire contents of those sections sampled. 


TABLE 2. VITAMIN CONTENT OF EXPERIMENTAL RATION NO. 1 
AND INTESTINAL TRACT CONTENTS FROM HORSES 
FED THE DEFICIENT RATION 


Vitamin content in micrograms per gram dried material 














Anterior Anterior 





Horse ; ; 
— ‘ Duo- Caecum _ portion on 
Vitamin gg denum Ileum contents large yr 
~e colon colon 
Thiamin ey 5 3.3 7.1 17.8 7.8 
Riboflavin “4 3.8 1.1 7.0 9.2 12.2 
Pantothenic Acid 8 11.7 9.2 39.2 34.4 20.5 
Nicotinic Acid 3.0 55.0 58.0 121.0 96.0 119.0 
Pyridoxine <.2 3.2 S110 2.4 6.1 6.2 
Folic Acid a 9 4 3.0 4-7 2.7 
Biotin <.o1 <i I a 3.8 2.3 





The amount of riboflavin found in the upper part of the large intestine 
compares favorably with the amount Jones et al. (1946) found in the large 
colon of the army horses fed a low riboflavin diet. Their ration, however, 
contained more than five times as much riboflavin as the diet used in our ex- 
periment. McElroy and Goss 1940a, 1940b, 1940c, 1941) found larger 
amounts of pantothenic acid, riboflavin, and pyridoxine in the rumen and 
reticulum contents of sheep and cows and smailer amounts of thiamin than 
was found in this study of the intestinal tract of the horse. 

In the preliminary experiment, the data presented showed that consider- 
able quantities of seven of the B complex vitamins were synthesized in the 
intestinal tract of the horse, particularly in the caecum and large intestine. 
Since the experiment covered only a period of 28 days, it was not possible to 
conclude that these horses could remain healthy for an indefinite period 
when fed the ration as described. In order to answer this question, a second 
experiment was performed. 

Two two-year-old purebred Percheron fillies, weighing 1330 and 1325 
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pounds respectively, received the same treatment and care as described in 
the first experiment, except that both fillies were placed in the same pad- 
dock. Feces were removed each day and the paddock swept clean each week. 
Ration No. 2 differed slightly from No. 1 in that one-half of the glucose was 
replaced by an equal amount of cornstarch, and a different batch of washed 
casein and washed fish meal was used. This ration assayed lower in some of 
the B vitamins than did the first ration used (table 2). 

The feed was weighed and divided equally between two feed boxes but 
because the animals were not tied at feeding time, only the combined amount 
of feed consumed each morning and evening was recorded. For the first four 
days, the fillies refused to eat the ration. On the fifth day, the two animals 
together consumed 13 pounds of feed or less than 0.5 pounds of feed per 100 
pounds body weight. At the end of the 7th day, consumption increased to 
1} pounds and for the following seven weeks varied between 1} and 1} 
pounds of feed per 100 pounds body weight. Table 3 shows that the grey 


TABLE 3. WEIGHTS OF ANIMALS, IN POUNDS 





Original ist 5th 7th a1th 1th 16th 17th 18th 19th 








Animal weight wk. wk. wk. wk. wk. wk. wk. wk. wk. 
Gray 1330 1275 1330 1345 1340 1320 1320 1300 1285 1220 
Black 1325 1260 1270 1255 1230 1140 I145 1130 1125 1142 





filly lost 55 pounds and the black filly lost 65 pounds during the first week— 
fasting during the first four days probably accounted for most of this weight 
loss. 

Worm eggs were identified in the feces during the 9th week and pheno- 
thiazine was administered for a period of six days. The horses went off feed 
and consumption decreased, but immediately after the treatment the horses 
began to eat regularly though not quite as much as before the worming 
treatment. During the 16th week, both animals were treated with carbon 
bisulfide. 

From the 7th week to the 19th week, food consumption decreased from 1.4 
pounds per 100 pounds body weight daily to .8 pounds. Both animals lost 
weight during this period; the black mare losing the most. After the animais 
had been receiving the ration for approximately three months, they showed 
a dislike for the beet pulp. The ration was changed so as to contain 10 per- 
cent less beet pulp and 5 percent more of starch and glucose respectively. 
This change had little effect on the vitamin content, and seemed to be a 
more suitable mixture. 

At the end of 12 weeks, a sample of fresh feces was collected, mixed im- 
mediately with an equal volume of 95 percent ethyl alcohol and dried at 
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room temperature. This sample of feces and a sample of the ration were 
assayed for seven members of the B complex. In every case, larger amounts 
of B vitamins were found in the feces than in the ration which indicated 
that synthesis was going on in the intestinal tract. 

The grey filly almost maintained her weight for the first 16 wee! s of the 
experiment. At the end of this time, however, she began to eat less and lost 
weight rapidly. She became more nervous during this period, and was more 
difficult to handle. After being forced to trot from one end of the paddock to 
the other, she would breathe deeply for several minutes. Incoordination of 
the hind quarters became quite noticeable. She took short choppy steps—as 


TABLE 4. VITAMIN CONTENT OF EXPERIMENTAL 
RATION NO. 2 AND FECES 








Vitamin content in micrograms per gram dried material 








Vitamin 

Ration No. 2 Feces 
Thiamin py | T.2 
Riboflavin re 5.0 
Panto. Acid <4 4.2 
Nicotinic Acid LS 15.5 
Pyridoxine <a 5.2 
Folic Acid <..O% “4 
Biotin *<.02 1.8 





though her feet were hurting. If, while being led, she were turned abruptly, 
it was with difficulty that she was able to maintain her footing. When ob- 
served traveling straight away, it was noticed that she weaved and was un- 
able to travel a straight course. Sometimes when standing, she would raise 
one hind food about six inches and kick the ground quite forcibly. She could 
not maintain her equilibrium when forced to back. Death came after 19 weeks 
on the B-vitamin low diet. In the last three weeks of this period she had lost 
109 lbs. in weight. The last two days of this period she had diarrhea. 

Post mortem revealed a dilated and hypertrophied heart excessive peri- 
cardial fluid, and frothy lungs. The caecum and large intestine showed ex- 
tensive inflammation. A slight infestation of bots was found in the stomach 
and some Strongyles sp. were found in the large intestine. There was very 
little solid matter in the caecum and large intestine, but the stomach was full 
of feed. Williams and Spies (1938) have stated ““The most common cause of 
sudden death from vitamin B, deficiency is acute cardiac failure. The class- 
ical picture at post mortem isa dilated and hypertrophied heart.” 

The black filly during the same 19 week period lost 183 pounds of weight. 
She lost this weight, however, in a more gradual manner than the grey filly. 








206 F. D. Carrot, Harotp Goss ann C. E. Hower 


For a period of two weeks, between the 15th and 17th weeks, it was noticed 
that she exhibited a slight incoordination in the hind quarters. She weaved 
when she walked and was very listless. There was no indication of nervous- 
ness, however, at this time, as in the case of the grey filly. During the roth 
week food consumption began to decrease noticeably. Incoordination in the 
hind quarters became quite apparent and she became very nervous when 
handled—very similar to the grey filly. At the end of the 20th week food 
consumption was about 0.6 pounds per 100 pounds of live-weight per day. 

A blood sample taken at this time showed 6.2 mg. pyruvic acid per 100 
ml., according to the method of Friedman and Haugen (1943). Blood from 
five normal mares from our herd contained from 1.0 to 1.5 mg. percent py- 
ruvic acid by the same method. Johnson (1936), working with vitamin B, 


TABLE 5. PYRUVIC ACID CONTENT OF WHOLE HORSE BLOOD 

















Animal mg. percent 
Black filly (before receiving thiamin) 6.25 
Black filly (4 wks. after receiving thiamin) -94 
Thoroughbred mare 1.06 
Thoroughbred mare with foal 1.29 
Grade mare 1.50 
Thoroughbred mare 1.00 
Thoroughbred mare 1.06 
Average 1.17414.9% 





deficient pigeons, found 3.8 mg. pyruvic acid per 109 ml. blood and only 0.9 
mg. percent for normal birds. Thompson and Johnson (1935) reported 5.65 
mg. percent pyruvic acid for polyneuritic pigeons. Carlstrém and Hjarre 
(1939) in their work with horses, reported that animals on a very poor qual- 
ity of hay and grain had twice as much pyruvic acid in the blood as did well- 
fed animals, and that after dried yeast was fed, the figure dropped to the 
normal level. 

It was therefore decided to administer thiamin. 200 mg. of thiamin in 20 
ml. of sterile saline was injected intravenously. Within a few hours, the 
animal began to eat again. During the following week, the filly received 100 
mg. per day in her feed. The dose was reduced to 50 mg. daily during the 
second week of thiamin treatment. Within 10 days after the thiamin supple- 
mentation began, the filly had increased food consumption from 0.6 lb. 
daily to 1.4 lb. per 100 lbs. weight. The dosage was again reduced to 40 mg. 
daily for the next five weeks. She had now regained 120 lbs. weight and 
seemed quite normal. After four weeks on the thiamin feeding, blood py- 
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ruvic acid had fallen to 0.94 mg. percent. From the seventh week on, thiamin 
supplement was reduced to 30 mg. daily. Food consumption has remained 
normal, and at this writing, the filly has regained her original weight. 


Discussion 


The results obtained showed that in horses, on a B vitamin-low diet, con- 
siderable amounts of thiamin, riboflavin, pantothenic acid, nicotinic acid, 
pyridoxine, folic acid, and biotin are synthesized in the intestinal tract. The 
largest amounts of these vitamins were found in the caecum and large in- 
testine. It has been shown repeatedly that considerable synthesis of these 
vitamins occurs in the rumen of cattle and sheep. But because of the an- 
atomical differences in the alimentary tract of ruminants and horses, the 
problem of absorption of these vitamins is quite different. In ruminants it is 
reasonable to suppose that vitamins formed in the bodies of microorganisms 
in the rumen would be just as readily available to the host as vitamins of 
the food, because of the strong action of the gastric juice, but in the horse 
where principal synthesis is in the caecum and large intestine, it cannot be 
assumed that this supply is readily and completely available to the animal. 
The fact that the feces contain considerable concentrations of the B vitamins 
is further reason to question how much of the vitamin synthesis in the in- 
testinal tract is available. 

The second part of this experiment was designed to determine how long 
the horse could subsist on the B vitamin low ration. Death came to one ani- 
mal after 19 weeks, following a period of rapid loss of weight and symptoms 
similar to thiamin deficiency in other animals. Post mortem examination 
revealed a dilated and hypertrophied heart and the mate of this horse had 
also lost considerable weight and was showing the same nervous symptoms 
and loss of appetite. Pyruvic acid content of the blood was increased six fold 
over normal horses of the herd. The addition of thiamin alone brought about 
recovery of appetite, disappearance of all nervous symptoms and unsteadi- 
ness of gait. After twelve weeks on a daily supplement averaging 30 mg. of 
thiamin, or approximately 2.5 mg. per day per 100 lbs. of body weight, the 
animal had regained 225 lbs. in weight, which brought her back to her origi- 
nal weight. 

The ration used in this trial contained only one-half as much riboflavin 
as the ration used by Pearson et al. (1944a, 1944b) with weanling Shetland 
ponies; yet we were unable to note any symptoms characteristic of ribo- 
flavin deficiency in our horses. Our ration contained less than 0.2 microgram 
of thiamin per gm. No figures are given for the thiamin content of Pearson’s 
ration. In this respect, it is well to mention again the work of Jones et al. 
(1946), where mature army horses receiving a riboflavin low ration failed 
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to exhibit riboflavin deficiencies. There was a cuestionable correlation with 
equine periodic ophthalmia. Pearson et al. (1948) observed no pantothenic 
acid deficiency in Shetland ponies receiving a ration containing 3.2 mg. pan- 
tothenic acid per kg. of feed. We observed no deficiency in our animals on a 
diet containing only 0.2 mg. per kg. feed. 


Summary and Conclusions 


Two experiments have been conducted with horses fed a purified diet 
low in the B vitamins. The first experiment was for the purpose of determin- 
ing quantitatively the amounts of B vitamins synthesized in the intestinal 
tract. The second experiment was conducted to ascertain whether the horse 
was able to utilize the synthesized B vitamins in sufficient amounts to main- 
tain health for long periods. The conclusions are: 

1. Considerable quantities of thiamin, riboflavin, pantothenic acid, nico- 
tinic acid, pyridoxine, folic acid, and biotin are synthesized in the intestinal 
tract of the horse, the greatest amounts being found in the caecum and large 
intestine. 

2. When fed a B vitamin low-diet, for four months, horses exhibited 
anorexia, nervousness, incoordination in the hind quarters, loss of weight, 
and general weakness. Death resulted in one animal after 19 weeks. Post- 
mortem revealed a dilated and hypertrophied heart, frothy lungs, and in- 
flammation of the caecum and the large intestine. The symptoms and post- 
mortem findings suggested that death was caused by acute cardiac failure, 
which in other species has been associated with thiamin deficiency. 

3. The administration of thiamin to the paired mate brought about an 
increase in food consumption, gain in weight, disappearance of incoordina- 
tion in the hind quarters, decrease in general nervousness, and a lowering of 
the high pyruvic acid concentration in the blood to the level found in normal 
horses. 

4. Supplementing the B vitamin-low diet with 30 mg. thiamin daily 
(approximately 2.5 mg. per 100 pounds body weight) maintained peak food 
consumption, and the animal regained in 12 weeks the 225 pounds it had lost 
during the previous 20 weeks. 


Literature Cited 


American Veterinary Medical Association, Jour. 1946. The Relation of Riboflavin to Equine 
Periodic Ophthalmia. 109: 456-457. 

Carlstrém, B., and A. Hjarre. 1939. Durch B-Avitaminose verursachte Mangelkrankheiten 
bei Militirpferden. Tierernihrung 11: 121-129. 

Cheldelin, V. H., M. A. Eppright, E. E. Snell and B. M. Guirard. 1942. Enzymatic Liberation 
of B vitamins from Plant and Animal Tissue. Univ. of Texas Publication No. 4237, pp. 

32 and 17. 


























SYNTHEsIs OF B VITAMINS IN THE Horse 299 


Friedemann, T. E. and G. E. Haugen. 1943. Pyruvic acid. II. The Determination of Keto 
Acids in Blood and Urine. Jour. Biol. Chem. 147: 415-442. 

Johnson, R. E. 1936. VII. The Isolation of Pyruvic Acid from Blood of Vitamin B,-deficient 
Pigeons. Biochem. Jour. 30: 31-32. 

Jones, T. C., T. O. Roby and F. D. Maurer. 1946. The Relation of Riboflavin to Equine 
Periodic Ophthalmia. Amer. Jour. Vet. Res. 7: 403-416. 

McElroy, L. W. and Harold Goss. 1940a. A Quantitative Study of Vitamins in the Rumen 
Content of Sheep and Cows Fed Vitamin-low Diets. I. Riboflavin and Vitamin K. Jour. 
Nutrition 20: 527-540. 

McElroy, L. W. and Harold Goss. 1940b. A Quantitative Study of Vitamins in the Rumen 
Content of Sheep and Cows Fed Vitamin-low Diets. II. Vitamin Bg (pyridoxine). Jour. 
Nutrition 20: 541-550. 

McElroy, L. W. and Harold Goss. 1940c. A Quantitative Study of Vitamins in the Rumen 
Content of Sheep and Cows Fed Vitamin-low Diets. III. Thiamin. Jour. Nutrition 21: 
163-173. 

McElroy, L. W. and Harold Goss. 1941. A Quantitative Study of Vitamins in the Rumen 
Content of Sheep and Cows Fed Vitamin-low Diets. IV. Pantothenic Acid. Jour. 
Nutrition 21: 405-409. 

Mitchell, H. K. and E. R. Isbell. 1942. Intestinal Bacterial Synthesis As a Source of B Vita- 
mins for the Rat. Univ. of Texas Publication No. 4237: 125-134. 

Naito, K., T. Shimanura and K. Kuwabara. 1925. Experimental Studies on the Effect of Pol- 
ished Rice Feeding and its Vitamin B Defect in the Horse. 3rd. Rept. Japanese Govt. 
Institute for Vet. Research, p. 51. 

Pearson, P. B., M. K. Sheybani and H. Schmidt. 1944a. The B Vitamin Requirements of the 
Horse. JouRNAL OF ANIMAL ScIENCE 3: 166-174. 

Pearson, P. B., M. K. Sheybani and H. Schmidt. 1944b. Riboflavin in the Nutrition of the 
Horse. Arch. Biochem. 3: 467-474. 

Pearson, P. B. and R. W. Leucke. 1945a. Studies on the Metabolism of Nicotinic Acid in the 
Horse. Arch. Biochem. 6: 63-68. 

Pearson, P. B. and H. Schmidt. 1948. Pantothenic Acid Studies with the Horse. JourNAL OF 
ANIMAL Science 7: 78-83. 

Roberts, E. C. and E. E. Snell. 1946. An Improved Medium for Microbiological Assays with 
Lactobacillus Casei. Journal Biol. Chem. 163: 499-509. 

Skeggs, H. R. and L. D. Wright. 1944. The Use of Lactobacillus arabinosus in the Micro- 
biological Determination of Pantothenic Acid. Jour. Biol. Chem. 156: 21-26. 

The Association of Vitamin Chemists, Inc. 1947. Methods of Vitamin Assay. Pp. 69 and 125. 
Published by Interscience Publishers, Inc., N.Y. 

The Eli Lilly and Company. 1946. Microbiological Assay for Pyridoxine. Research Today 3: 
44-45. 

Thompson, R. H. S. and R. E. Johnson. 1935. Blood Pyruvate in Vitamin B, Deficiency. 
Biochem. Jour. 29: 694~700. 

Williams, R. R. and T. D. Spies. 1938. Vitamin B; (Thiamin) and Its Use in Medicine. p. 62. 
Published by the Macmillan Company, N.Y. 

Wright, L. D. and H. R. Skeggs. 1944. Determination of Biotin with Lactobacillus arabinosus. 
Proc. Soc. Exp. Biol. Med., 56: 95-98. 








NEWS AND NOTES 


The forty-first annual meeting of the American Society of Animal Production, will be 
held at the Hotel Sherman in Chicago, Illinois, on November 25 and 26, 1949, with a dinner 
for the honored guest on November 27. Members planning to present papers are reminded 
that titles must be in the hands of the secretary, Dr. H. M. Briggs, Animal Husbandry De- 
partment, Oklahoma A. and M. College, Stillwater, Oklahoma, by July 20, following which 
abstracts must be filed with him by August 15. 


Nominations for the 1949 Morrison award must be in the hands of the secretary, Dr. H. M- 
Briggs, by June 15. The rules governing the selection of the winner of this award have teen 
published in the JourNaL or AnimAt Science, Volume 5, pages 236-237, and an amendment 
to the rules in Volume 7, page 257. 


Nominations for the 1949 American Feed Manufacturers Association award must be in 
the hands of the secretary, Dr. H. M. Briggs, by June 15. The rules governing the selection of 
the winner of this award were published in the Journat or Anima Science, Volume 7, 
pages 257-258. 


Dean J. A. Hill, of the College of Agriculture, University of Wyoming, has been chosen 
as the honor guest for the American Society of Animal Production, at its meeting November 
25 and 26, 1949. Dean Hill's portrait will be painted and presented to the Saddle and Sirloin 
Club at the time of the banquet in his honor on November 27. Professor N. W. Hilston, of 
the Animal Production Department, of the University of Wyoming, is in charge of arrange- 
ments for the event. 


The Western section of the American Society of Animal Production will hold its next 
annual meeting on June 27, 28 and 29, 1949. This will be a joint meeting participated in by 
the Western section of the American Society of Animal Production and the Western division 
of the American Dairy Science Association. The State College of Washington at Pullman and 
the University of Idaho at Moscow will act as joint hosts at the meeting. Professor R. F. 
Miller of the University of California at Davis is president of the Western section. Professor 
W. P. Lehrer, Jr., of the University of Idaho is secretary. 


W. H. Riddell, head of the Department of Animal and Dairy Husbandry at the University 
of Vermont, was United States representative to the International Conference on Animal 
Production held in Zurich, Switzerland, October 1947. 


The Government of France is sponsoring an International Congress of Animal Husbandry 
in Paris, November 3-10, 1949. The program will include discussions of the following main 
topics: (1) Standards for evaluating energy and protein contents, and economic feeding values 
of feedstuffs; (2) Type in dairy cattle as related to production and hardiness; (3) Optimum 
use of artificial insemination in dairy cattle breeding; (4) Coordination of animal husbandry 
research. Workers from various European countries and the U.S.A. are being invited to pre- 
pare papers on these topics, and these invited papers will provide the bases for discussions. 
Workers interested in attending the Congress should communicate with Professor Andre M. 
Leroy, Institut National Agronomique, 16 Rue Claude-Bernard, Paris 5, France. 


Ralph W. Phillips of the Food and Agriculture Organization of the United Nations at- 
tended the Seventh Pacific Science Congress in Auckland in February, where he participated 
in a symposium on dairy improvement. Following the Congress, Dr. Phillips traveled in New 
Zealand, Australia, Egypt, India and Siam for six weeks on behalf of F.A.O. 


George H. Hart of the University of California attended the Seventh Pacific Science 
Congress in Auckland and Christchurch, New Zealand, during February. 
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The Statistical Laboratory of the Alabama Polytechnic Institute, Auburn, Alabama, has 
published the Proceedings of the Auburn conference of Statistics Applied to Research in the 
Social Sciences, Plant Sciences and Animal Sciences, held September 7 to'9, 1948. The Pro- 
ceedings contain the lectures which were given on the techniques and designs involved in the 
application of statistics to research problems in these fields. Abstracts of research reports 
illustrating the use of statistics in actual experiments are also included. The lectures of 
particular interest to those in the field of animal science are two by H. L. Lucas, one on 
techniques, the other on designs in animal science research. The first of these has to do with 
two questions in the field of animal feeding. (1) Group versus individual feeding and (2) 
Control versus ad libitum feeding. A lecture by R.E. Comstock on statistics in animal breeding 
research is confined to a brief review of the problem of optimum selection criteria. 


A. M. Pearson, who received his Ph.D. degree in meats at Cornell University is now in 
charge of meats research and teaching in the Department of Animal Husbandry at the Uni- 
versity of Florida. He had received his B.S. at Utah State and his M.S. at Iowa State. 


R. K. Froker, a member of the agricultural economics faculty since 1927, has been made 
dean of agriculture and director of the experiment station and Extension Service, University 
of Wisconsin, succeeding Ira L. Baldwin who is now vice-president of the University. 


Ide P. Trotter, former director of Extension, Texas A. and M. College, was made dean of 
the graduate school at the same institution effective April 1, 1949. 


Principles of Feeding Farm Animals, by Sleeter Bull and W. E. Carroll of the University of 
Illinois has been published in a revision edition of four hundred pages by “The Interstate” 
of Danville, Illinois. 


F. B. Morrison, of Cornell University, left in February for a trip to Argentina, where he 
will make a study of livestock production in that country. 


L. E. Potter, presently head of the agricultural economics department, Oregon State 
College, and previously head of its animal husbandry department for 20 years, was honored 
recently by a special dinner program, sponsored by former and current majors in animal 
husbandry at the Institution. 


W. H. Black, formerly in charge of beef cattle investigations, agricultural research center, 
USDA, Beltsville, Maryland, has been made superintendent of the beef cattle research station 
recently established on the former Aleshire Remount Depot at Front Royal, Virginia. 


C. W. Mitchell, secretary to the American Berkshire Association, has resigned that post 
to take a position with the Illinois Livestock Marketing Association effective April 1, 1949. 


Louis H. Rochford, former extension animal husbandman on the University of California 
staff, has been made president of the Tejon Ranch Co. with headquarters at Bakersfield, Cali- 
fornia, after serving as resident manager of the same firm since 1942. 


The Board of Regents of Texas A. and M. College has approved the transfer of the wool 
scouring laboratory from the campus at College Station to Bluebonnet Farm, near McGregor, 
at a cost of $15,000. 


Paul Swaffar, associate extension animal husbandman at the North Carolina State College, 
will join the staff of the American Hereford Association on June 1, with headquarters at 
Kansas City, Missouri. 


Edward W. Janike, formerly of the animal husbandry extension staff, University of Ne- 
braska, and more recently secretary of the Omaha Livestock Exchange, has been appointed 
Nebraska 4-H Club leader, succeeding L. I. Frisbie, deceased. 


L. A. Weaver, head of the animal husbandry department, University of Missouri, has been 
elected to the board of governors of the American Royal Livestock and Horse Show at 
Kansas City. 
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H. H. Smith, former extension animal husbandman in Utah and Colorado, and more 
recently in commercial work, has been appointed livestock marketing specialist in the Colorado 
Extension Service. 


P. T. Brown, extension animal husbandman in charge of beef cattle and horse projects at 
Purdue University for many years, resigned December 31, 1948, to devote his time to personal 
livestock farming interests and was succeeded by W. T. Anderson, a 1931 Purdue graduate, 
who has had vocational agriculture experience and lately was with the Producers Marketing 
Association at Indianapolis. 


James E. Ingalls, was recently appointed assistant animal husbandman by the board of 
the Colorado A. and M. College. 


Joseph C. Emch, former associate county agricultural agent in Harrison County, West 
Virginia, has been made assistant extension animal husbandman with the West Virginia 
University Extension Service. 


James A. Gray, holding degrees in animal husbandry from the University of Wyoming, 
and formerly on the resident teaching staff at Texas A. and M. College, was appointed ex- 
tension animal husbandman effective January 1, 1949 and will have headquarters at San 
Angelo, Texas. 


H. B. Osland, formerly head of the animal husbandry department, Colorado A. and M. 
College and more recently manager of the Pollock Ranch in California has formed a partnership 
with L. C. Staley of Pullman, Washington, for the breeding of Hereford cattle. 


George W. Barnes, long-time extension animal husbandman of the Texas Extension Service 
and now district extension agent with headquarters at Fort Stockton, was recently honored 
by the college in having his portrait hung in the animal husbandry building as a tribute to his 
long and faithful service. 


The Washington State College was given an additional grant of $10,000 by Swift and 
Company, Chicago meat packers, for the continuation of research projects in animal hus- 
bandry. F 


Leon G. Hurtt, chief of range research for the U. S. Forest Service at Missoula, Montana, 
since 1931, has been transferred to Washington, D. C., where he will be special assistant to 
the chief of the division of Range management in the Forest Service. Edwin J. Woolfolk, who 
was in charge of grazing studies with the U. S. Range Livestock Experiment Station at Miles 
City, Montana, for ten years, with a later assignment in the Forest Service at Washington, 
will succeed Mr. Hurtt at Missoula. 


The Committee on Ralston-Purina Fellowship Awards have selected the winners for 
the school year of 1949-1950. The principals named for Animal Husbandry were Harold B. 
James of California, Kenneth C. Lepley of Iowa and Elbert J. Turman of Arkansas. The in- 
stitutions at which these men preferred to work were California, Iowa State and Purdue, 
respectively. Robert Totusek of Oklahoma was named as first alternate and James D. Kemp 
of Kentucky as second alternate. The Dairy Husbandry principals were James T. Miles of 
Tennessee and Richard G. Warner of Maryland, the former preferring to work at Wisconsin 
and the latter at Cornell. Lewis E. Lloyd of Quebec was named as alternate. The principals 
for Poultry Husbandry were James R. Jowsey of Saskatchewan and Rollin H. Thayer of Ok- 
lahoma; MacDonald College was the institution preferred by the former and the State College 
of Washington by the latter. Milton L. Sunde of South Dakota and Leonard M. Dansky of 
New York were named as alternates. The nature of these awards and some of the rules gov- 
erning them were published in the JouRNAL or ANIMAL SCIEN2E, 1949, 8: 165. 
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Charles E. Poulten assumed duties as Associate Professor of Range Management at 
Oregon State College and the Oregon Agricultural Experiment Station on March 7, 1949. His 
appointment is a joint one with the Department of Animal Husbandry and the Department 
of Farm Crops. His work will be in Resident Instruction and Research. He goes to Oregon 
from the University of Idaho and the United States Forest Service. 


Professor E. A. Livesay, head of the Animal Husbandry Department, West Virginia 
University, represented the Society at the Brucellosis Conference in Washington, D. C., on 
March 15. The meeting was called by Dr. Simms and resulted in the formation of an organi- 
zation for the study of means to carry on a nation-wide program to eradicate the disease. 
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